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Appellants request remand of the present application to the examined r= 
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since the examiner introduced a new ground for rejection in the examiner's ^ ^ lH 
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answer to the appellants' brief. r : a 
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In the answer at section (10) "Grounds of Rejection" the examiner states: 

The following ground(s) of rejection are applicable to the appealed 
claims: 
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The specification is objected to under 35 U.S.C. § 1 12, first 
paragraph, as failing to provide an enabling disclosure 
commensurate with the scope of the claims. 

The present specification is deemed to be enabled only for 
compositions comprising a transition metal oxide containing at 
least a) an alkaline earth element and b) a rare-earth element or 
Group 1MB element. 

Note that the above 1 12, first paragraph, rejection has been 
modified in scope from the Final Office Action. Upon careful 
consideration of the evidence as a whole, including the 
specification teachings and examples, and applicant's affidavits 
and remarks, the examiner has determined that the instant 
specification is enabled for compositions comprising a 
transition metal oxide containing an alkaline earth element and 
a rare-earth or Group IIIB element (as opposed to only 
compositions comprising Bal_a,,CU,0 ¥ . as stated in the Final 
Office action). 

Applicant has provided guidance throughout the instant 
specification that various transition metal oxides (such as copper 
oxide) containing an alkaline earth element and a rare earth or 
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Group NIB element result in superconductive compounds which 
may in turn be utilized in the instantly claimed methods. 

Appellants disagree that they have only enabled compositions containing 
an alkaline earth element and a rare earth or Group NIB element to result in 
superconductive compounds which may in turn be utilized in the instantly 
claimed methods. This new ground for rejection necessitates the introduction of 
new evidence to show why the examiners statement is incorrect. There are 
numerous examples of high Tc superconductors made using the general 
principals of ceramic science as taught by appellants that existed prior to 
appellants' earliest filing date. The affidavit of Duncombe submitted by 
appellants specifically recites some of the compounds reported on in the several 
hundred pages included from his lab note books which include: Y , Ba 2 Cu 3 0„ Y,; 
Ba 2 Cu 3 O,; Bi 215 Sr, M Ca,., Cu 2 CU Ca, 2 .„> Sr x Cu 0, and Bi 2 Sr,Cu O,. Even though 
the last three compounds are made according to appellants' teaching they do 
not come within the scope of the claims allowed by the examiner in the answer 
since they do not include a rare earth or a group 1MB element. Moreover, in the 
answer the examiner quotes from the preface of the Poole article which states in 
part at A3: "The unprecedented worldwide effort in superconductivity research 
that has taken place over the past two years has produced an enormous amount 
of experimental data on the properties of the copper oxide type materials that 
exhibit superconductivity above the temperature of liquid nitrogen. ... During this 
period a consistent experimental description of many of the properties of the 
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principal superconducting compounds such as BiSrCaCuo, LaSrCuO, 
TIBaCaCuO. and YBaCuO has emerged". The first and third of these 
compositions does not come within the scope of the claims allowed by the 
examiner in the answer even though Poole states that they are easy to make 
following the general principals of ceramic science as taught by appellants. 
Other data supporting appellants view is reported in the Review Article 
"Synthesis of Cuprate Superconductors" by Rao et al., IOP Publishing Ltd. 
1993. A copy of this article is in Attachment C to the reply brief. This article lists 
in Table 1 the properties of 29 cuperate superconductors made according to 
appellants teaching. Twelve (#'s 1, 8-13, 16, 17, 20, 21, 27 and 28 ) of those 
listed do not come within the scope of the claims allowed by the examiner. Only 
three of the 29 have a Tc < 26 °K. Those twelve do not contain one or more of a 
rare earth, a group II IB element or an alkaline earth element. It is thus clear that 
broader claims than allowed in the answer should be allowed since it is clear 
that the allowed claims can be avoided following appellants teaching without 
undue experimentation. Appellants request remand for the examiner to consider 
this data in response to the examiner's new ground for rejection. 

At page 21 of the answer, the examiner comments in regard to the claims 
rejected under 35 UCS 1 12, second paragraph, the examiner states that "[n]ote 
the Examiner declines to comment on appellants remarks regarding the 
after-final submissions which have not been entered or considered by the 
examiner." These unentered after final submissions provide evidence that the 
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terminology "perokskite-like", perovskite-type", and "rare-earth-like" were 
understood by persons of skill in the art prior to appellants' filing date. This 
evidence is in addition to evidence previously submitted to show th at theres 
terms were well understood in the art. Thus this new evidence is not directed to 
any new issues but is additional evidence on the s ame issue. Prior to the Final 
Action the undersigned attorney requested the examiner to specify what 
information was needed to convince the examiner that these terms were well 
understood in the art. They examiner did not provide any guidance to 
appellants. Thus a trial and error approach was used to see if what was 
submitted was sufficient to convince the examiner. The examiner again in the 
Final Action indicated he was not convinced and appellants submitted additional 
evidence in the after final submissions. Some of the additional evidence is 
issued US patents having claims containing the identical terminology which the 
examiner finds indefinite. Other evidence is issued US patents using similar 
terminology in issued claims indicates that the use of such terminology in US 
patent claims is standard USPTO practice. Since the examiner would provide 
appellants no guidance on what would convince the examiner that these terms 
were understood by persons of skill in the art, appellants request remand for 
these after final submissions to be entered and considered. 

In addition appellants request remand for the following reasons. After the 
final action which is the basis of this appeal there was a change in examiner. In 
the answer the examiner withdrew the prior art rejections over arguments 
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presented by appellants long before the Final Action. In the answer the rejection 
under 35 USC 1 12, first paragraph, was modified to allow broader claims than 
the single narrow claims allowed in the Final Action. The modification of 35 USC 
112, first paragraph, rejection was based on arguments presented by appellants 
long before the Final Action. Appellants believe that further progress in either 
resolving all the issues remaining in this appeal or substantially simplifying the 
issues in this appeal can be made by remanding this application to the new 
examiner. 
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SUMMARY OF ARGUMENT IN THIS REPLY BRIEF 



THE EXAMINER HAS NOT REBUTTED APPELLANTS 
CLAIM OF PRIORITY 

In the answer the examiner has not rebutted appellants' arguments in 
support of their claim of priority. Therefore, appellants request the board to 
grant appellants' claim of priority 

REJECTIONS UNDER 35 USC 102 AND 103 NECESSARILY 
REQUIRES THAT ALL CLAIMS ARE FULLY ENABLED 

The examiner has withdrawn the rejections under 35 USC 102 and 103 
over the Asahi Shinbum article since appellants have shown that they conceived 
prior to the date of this article and were diligent t o a reduction to practice. The 
examiner has not commented on nor rebutted appellants' argument that in 
rejecting claims under 35 USC 102 and 103 over the Asahi Shinbum article, the 
examiner necessarily concludes that appellants' claims are fully enabled. The 
Asahi Shinbum article refers to appellants' work which was reported in their 
original article which is incorporated by reference in appellants' specification. 
Since appellants' original article is the only information enabling the Asahi 
Shinbum article, it logically follows that the examiner necessarily concludes that 
all appellants' claims are fully enabled. 
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OBJECTION TO SPECIFICATION AND REJECTION OF CLAIMS 

UNDER 35 USC 112, FIRST PARAGRAPH 
THE EXAMINER HAS FAILED TO MEET HIS BURDEN OF PROOF 

The only support for the objection to the specification and rejection of claims as 
not enabled under 35 USC 112, first paragraph, is the examiner's unsupported 
statement that the field of high Tc superconductivity is unp redictable, the 
examiner's unsupported statement that the theoretical mechanism of 
superconductivity in these materials was not well understood, and three 
examples in applicants' specification that show metal oxides having a Tc < 26°K. 
One of these examples has an onset at 26°K. The examiner provides no 
extrinsic evidence to support the examiner's position of nonenablement. 
Applicants have submitted five affidavits of experts rebutting the examiner's 
position of nonenablement, the article by Rao et al. and the book by Poole et al. 
which clearly states that it is easy to fabricate hig h Tc materials. Moreover, the 
book by Poole, the Affidavit of Duncombe and the article by Rao shows 
numerous examples of high Tc metal oxides fabricated according to appellants' 
teaching which do not fall within the scope of the claims allowed by the examiner 
but do fall within the scope of the claims which have not been allowed by the 
examiner. The examiner has not rebutted appellants' application of case law 
which holds that 35 USC 1 12, first paragraph, permits claims to read on 
inoperable species. Notwithstanding, appellant's claims do not read on any 
inoperative species. Under In re Angstadt 190 USPQ 219, to sustain a rejection 
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under 35 USC 1 12, first paragraph, it is the examiner's burden to show that a 
person of skill in the art must engage in undue experimentation or require 
ingenuity beyond that expected of a person of skill in the art to practice the 
claimed invention. According to In re Wands 8 USPQ2d 1400, an application 
does not fail to meet the 35 USC 1 12 enablement requirement even though 
experimentation is needed to determine samples useful to practice the claimed 
invention when the experimentation is not undue. The examiner has not meet 
his burden under 35 USC 112, first paragraph, as articulated in In re Angstadt 
and In re Wands. Moreover under In re Angstadt, providing the examples in 
appellants' specification with a Tc < 26°K is commendable frankness and part of 
appellants' teaching on how to select a high Tc material . In re Angstadt and In 
re Wands hold that a claim is enabled if undue experimentation is not needed to 
determine if a particular species with in the scope of the claim is effective to 
practice the claimed invention. This is the situation in the present application 
and the examiner has not rebutted appellants showing that only routine 
experimentation is needed to fabricate materials useful to practice appellants' 
invention. It is appellants' view that there can be no question that the record as 
a whole supports appellants' view that all the claims are fully enabled. Th us, 
appellants request the board to reve rse the rejection to the specification and the 
rejection of claims under 35 USC 112, first paragraph. 
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THE EXAMINER HAS NOT REBUTTED APPELLANTS' 
PROOF THAT THE TERMINOLOGY OF THE CLAIMS REJECTED 
UNDER 35 USC 112, SECOND PARAGRAPH, 
ARE UNDERSTOOD BY PERSONS OF SKILL IN THE ART 

The examiners' rejection of claims as indefinite under 35 U.S.C. 112, 
second paragraph, for using terminology, such as "rare-earth like", 
"perovskite-like" and "perovskite-type" is a clear error since there are many 
issued patents having claims using terminology which is a combination of 
'"-type", and "-like " and there are issued United States Patents having claims 
including the exact terminology objected to by the examiner. The examiner has 
given no reasons why the claims in the instant application are indefin ite because 
of terminology using "-type" and "-like" while they are definite in the many cited 
issued patents. In the answer, the examiner has not rebutted appellants' 
arguments in the brief. Appellants' have provided extensive proof that this 
terminology was understood by persons of skill in the art at the time appellants 
published their original article. Moreover, appellants' original article was 
published about eight months before the filing date of the first application in the 
lineage of the present application. Since appellants used this terminology in 
their original article, the use of this terminology was part of the vernacular of 
persons of skill in the art and is thus understood by persons of skill in the art as 
of the earliest filing date of the instant application. The book by Poole 
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acknowledges this and uses this terminology. Thus appellants request the 
board to reverse the rejection of claims under 35 (JSC 1 12, second paragraph. 
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DETAILED ARGUMENT IN THIS REPLY BRIEF 
Status of Claims 

Claims 24-26, 86-90, 96-177 are pending. 

Claim 136 was allowed at the time of Final Rejection. Claims 114-116, 
119-121, 124-126, 132, 133, 137, 138, 143, 144, 146, 148, 152-157, 160-163, 
167, 168, 171, 172 and 173 have been subsequently allowed in the examiner's 
answer. 

Claims 24-26, 88-90, 96-102, 109-113, 129-131, 134, 135, 139-142, 145, 
149-151, 158, 159, 164-166, 169-170 and 174-177 remain rejected under 35 
U.S.C. 112, first paragraph. 

Claims 86, 87,96-108, 112, 113, 117, 118, 122, 123, 127, 128 and 147 
remain rejected under 35 U.S.C. 112, second paragraph. 

Status of Amendments After Final 

In appellant's original Brief filed 7/I/99, at page 4, reference was made to an 
after-final submission filed 12/14/98. In the Substituted Brief filed 1/18/00 no 
reference is made to this 12/14/98 after final submission since appellant s have 
determined that the original Brief incorrectly referred to this 12/14/98 after final 
submission. Accordingly, appellants acknowledge the record to be complete 
with respect to after-final submissions as delineated by appellant in the 
Substitute Brief filed 1/1 8/00. (Hereinafter Brief refers to the Subst itute Brief 
filed 1/18/2000). 
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Issues 

In view of the claims allowed in response to appellant's Substitute Brief, 
appellants agree with the examiner's new statements of the issues. 

Are claims 24-26, 88-90, 96-102, 109-113, 129-131, 134, 135, 139-142, 
145, 149-151, 158, 159, 164-166, 169-170 and 174- 177 not enabled under 35 
U.S.C. 1 12, first paragraph? 

Are claims 86, 87, 96-108, 112, 113, 117, 118, 122, 123, 127, 128 and 147 
indefinite under 35 U.S.C. 1 12, second paragraph ? 

The 35 USC 102/103 Rejections Withdrawn In View of 
Appellants Argument Presented Prior to the Final Rejection 

Applicant acknowledge the examiner's statement that "[t]he prior art 
rejection over Asahi Shinbum, International Satellite Edition (London) November 
28, 1986 (hereinafter, "the Asahi Shinbum article") is wi thdrawn in view of 
applicant's remarks .... appearing at pages 39-44 of the supplemental response 
filed 8/5/99." Applicants respectfully submit that the examiner has not withdrawn 
the rejection but has found the rejection moot in view of the fact that the 
examiner has agreed that appellant has sufficiently demonstrated conception in 
the United States before the publication date of the Asahi Shinbum article and 
diligence to a reduction to practice. Appellants note that on December 3, 1998, 
Appellants petitioned for withdrawal of the final rejection since the examiner in 
the Final Action did not respond to Appellants' request for reasons why the 
examiner did not find that appellants effectively swore behind the date of the 
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Asahi Shinbum article in the Substitute Amendment dated March 6, 1997. That 
petition was denied by decision dated February 8, 1999 of Richard V. Fisher, 
Director Group 1700. The argument presented in the Brief on pages 39-44 in 
response to which the examiner has withdrawn the 35 USC 102/103 rejections 
over the Asahi Shinbum article is essentially identical to that presented in the 
petition to withdraw the Final Rejection and in response filed December 3, 1998. 
The decision not to withdraw the Final Rejection and not to withdraw the 35 USC 
102/103 rejection over the Asahi Shinbum article required that appellants invest 
substantial time, effort and cost to prepare the argument presented in the Brief 
at pages 21-51. 

The Examiner Has Not Rebutted Appellants' 
Claim of Priority to the Priority Document 

Appellants disagree with the examiner statement "Accordingly, the issue 
of claims 24-26, 86-90, 96-135 and 137-177 being supported by the priority 
document is believed moot in view of the withdrawal of the prior art rejections." 
Support for claims in a priority document is a separate and distinct issue from 
whether the claims are anticipated by a reference under 35 USC 102 or obvious 
over a reference under 35 USC 103. Therefore, the issue of claims 24-26, 
86-90, 96-135 and 137-177 being supported by the priority document is not 
moot in view of the withdrawal of the prior art rejections. Since th e examiner did 
not rebut applicants detailed and specific argument rebutting the examiners view 
that appellants' claims are not supported by the priority document, appellants 
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request the board to reverse the examiner and grant applicants claim of priority 
to the priority document. 

Grouping of Claims 

In response to applicants grouping of the claims in the brief the examiner 

states: 

The appellant's statement in the brief that certain claims do not 
stand or fall together is not agreed with because appellant merely 
states "Each claim is appealed individually" but fails to present any 
detailed reasoning in support of such a statement. 

Appellants disagree with the examiner that they have failed to present any 
detailed reasoning in support of their statement that "Each claim is appealed 
individually." Specific arguments as to each claim are given on pages 1 14- 173 
of the brief. Since the examiner has not commented on nor rebutted any of 
these arguments, appellants are entitled to have each claim appealed 
individually. 

The Examiner Has Not Rebutted Appellants' Argument That The 
Prior Art Rejections Necessarily Require That All Of Appellants' 
Claims Rejected Under 35 USC 120/103 Are Fully Enabled 

In paragraph 9 of the Answer entitled "Prior Art of Record" the examiner 
states "No prior art is relied upon by the examiner in the rejection of the claims 
under appeal". Applicants disagree. Claims 24-26, 86-90, 96-135 and 137-177 
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have been rejected as anticipated under 35 USC 102(a) by the Asahi Shinbum 
article, and claims 24-26, 86-90, 96-135 and 137-177 have been rejected as 
obvious under 35 USC 1 03(a) in view of the Asahi Shinbum article. These 
rejections have not in fact been withdrawn, but, as stated above, have in fact 
been found to be moot. 

In the Final Action all the claims, except claim 136, were rejected either 
under 35 USC 102 or 35 USC 103 over the Asahi Shinbum article. Thus in the 
Final Action, the Examiner is stating that everything within applicants ' 
non-allowed claims rejected under 35 USC 102 over this article, is found in the 
Asahi Shinbum article and a person of skill in the art can practice the invention 
of applicants' claims rejected under 35 USC 102 with what is taught in the Asahi 
Shinbum article alone. Moreover, in the Final Action, the examiner is stating that 
all the claims rejected under 35 USC 103 over the Asahi Shinbum article alone 
can be practiced by a person of skill in the art with what is taught in the Asahi 
Shinbum article in combination with what is known to a person of skill in the art . 
All of applicants' claims rejected over the Asahi Shinbum article are dominant to 
(or generic to) the one claim, claim 136, allowed in the Final Action . Thus by 
stating that all the non-allowed claims are anticipated or obvious over the Asahi 
Shinbum article alone, the Examiner is stating that a person of skill in the art 
needs nothing more that what is taught in the Asahi Shinbum article or what is 
taught therein in combination with what is known to a person of skill in the art to 
practice that part of each of appellants non-allowed claims which does not 
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overlap applicants' allowed claim. Thus, it logically follows from the 35 USC 
102/103 rejections that all of appellants' claims are fully enabled. 

The Asahi Shinbum article states in the first paragraph: 

A new ceramic with a very high T c of 30K of the 
superconducting transition has been found. The 
possibility of high T c - superconductivity has been 
reported by scientists in Switzerland this spring. The 
group of Prof. Shoji TANAKA, Dept. Appl. Phys. Faculty 
of Engineering at the University of Tokyo confirmed in 
November, that this is true. 

and in the second paragraph: 

The ceramic newly discovered, is an oxide compound 
of La and Cu with Barium which has a structure of the 
so-called perovskite and shows metal-like properties. 
Prof. Tanaka's laboratory confirmed that this material 
shows diamagnitism (Meisner effect) which is the most 
important indication of the existence of 
superconductivity. 

The Swiss scientist are the inventors of the present application. Thus this 
clearly refers to applicants work which was reported in appellants' article which 
is incorporated by reference in the present application . These passages say 
that Prof. Tanaka confirmed applicants work. The newly discovered ceramic 
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referred to in the article is the ceramic reported on in appellants' article. It is 
thus clear that for the examiner to have rejected appellants claim over the Asahi 
Shinbum article under 35 USC 102 or 35 USC 103, the examiner necessarily 
had to find that appellants' article fully enabled their claims. 

In the answer the examiner has not commented on nor rebutted these 
arguments. In appellants' brief at pages 21-22 and at pages 49-51 appellants 
apply these arguments in detail to the rejection of applicants claims under 35 
USC 102 and 35 USC 103, respectively. The examiner, therefore, must be 
taken to agree with applicants argument in the brief that their teaching has fully 
enabled all of their claims. 

At pages 50-52, at the beginning of appellants' arguments in regard to the 
objections and rejection based on 35 USC 1 12, first paragraph, appellants' have 
repeated these arguments, that is that the 35 USC 102/103 rejections over the 
Asahi Shinbum article logically requires that all of appellants' claims are fully 
enabled by appellants' teaching . The examiner has again not responded nor 
rebutted them. The examiner, therefore, must be taken to agree with applicants 
argument in the brief that their teaching has fully enabled all of their claims. 

The examiners rejections under 35 USC 102 and 103 over the Asahi 
Shinbum articles have been maintained since the Office Action dated August 26, 
1992. Thus the examiner has maintained the view that all of appellants' claims 
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are fully enabled for about eight years. In view of the fact that the examiner has 
not rebutted applicants' arguments the Board does not have to consider the 
examiner's objection under 35 USC 1 12, first paragraph, that the specification 
fails to provide an enabling disclosure commensurate with the scope of the 
claims and the rejections of claims under 35 USC 112, first paragraphs, for lack 
of enablement. 

In summary, all of applicants' claims on appeal, except for claim 136, were 
originally rejected under 35 USC 102 and/or 103 as being anticipated or obvious 
over the Asahi Sinbum article which only stated that a professor in Japan 
reproduced applicants work reported in applicants' published article which was 
incorporated by reference in the present application. The only logical 
conclusion from these rejections is that applicants' teaching fully enabled the 
claims originally rejected under 35 USC 102 and/or 103 which is all of applicants 
claims except for claim 136. The examiner in the answer has not rebutted this. 
The examiner has, therefore, conceded, and is estopped from denying, that all of 
appellants' claims are fully enabled by applicants' teaching. 

Grounds For Rejection 

In paragraph 10 of the answer entitled 'Grounds of Rejection" the 
examiner as stated above introduces a new ground for rejection . The examiner 
states: 



The following ground(s) of rejection are applicable to the 
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appealed claims: 

The specification is objected to under 35 U.S.C. § 1 12, first 
paragraph, as failing to provide an enabling disclosure 
commensurate with the scope of the claims. 

In support of this statement the examiner states: 

The present specification is deemed to be enabled only for 
compositions comprising a transition metal oxide containing at 
least a) an alkaline earth element and b) a rare-earth element or 
Group 1 1 IB element. The art of high temperature (above 30'K) 
superconductors is an extremely unpredictable one. Small 
changes in composition can result in dramatic changes in or loss of 
superconducting properties. The amount and type of examples 
necessary to support broad claims increases as the predictability 
of the art decreases. Claims broad enough to cover a large 
number of compositions that do not exhibit the desired properties 
fail to satisfy the requirements of 35 U.S.C. 1 12. Merely reciting a 
desired result does not overcome this failure. In particular, the 
question arises: Will any layered perovskite material exhibit 
superconductivity. 
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Except for the first sentence which is the new ground for rejection , 
Appellants have responded in detail to these comments in the brief. A large 
number of examples are needed to support a broad claim in an unpredictable art 
only if a person of skill in the art has to engage in undue experimentation to 
determine embodiments not specifically recited in appellants' teachings. It is the 
examiner's burden to show that undue experimentation is necessary. The 
examiner has presented no extrinsic evidence that a person of skill in the art 
would have to engage in undue experimentation. The examiner has stated 
without support that the art of high temperative superconductivity is an extremely 
unpredictable one. Appellants have not merely stated a desired result as clearly 
shown by the five affidavits submitted by experts in the field , the Poole book and 
the Rao article. And it is not necessary for any layered perovskite to work to 
satisfy 35 (JSC 112, first paragraph, it is only necessary that they can be 
determined without undue experimentation. 

The examiner restates without support that "It should be noted that at the 
time the invention was made, the theoretical mechanism of superconductivity in 
these materials was not well understood. That mechanism still is not 
understood." Appellants note that the theory of superconductivity has been 
understood for some time. For example, at page 20 of the brief the book by Von 
Laue is referred to. This book was published in English in 1952 and presents a 
comprehensive theory of superconductivity. The entire text of this book is 
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included in Attachment A of this reply brief. Notwithstanding, for a claim to be 
enabled under section 112, it does not require an understanding of the theory. 
The examiner then conclusorily states "Accordingly, there appears to be little 
factual or theoretical basis for extending the scope of the claims much beyond 
the proportions and materials actually demonstrated to exhibit high temperature 
superconductivity". This statement is clearly inconsistent with In re Angstadt 190 
USPQ 219 and In re Wands 8 USPQ2d 1400 which hold that to satisfy the first 
paragraph of 35 USC 1 12 it is only necessary that a person of skill in the art not 
exercise undue experimentation to make samples that come within the scope of 
the applicants claims. Appellants have clearly shown that only routine 
experimentation is needed to fabricate samples to practice applicants claimed 
invention. The examiner has not denied, nor rebutted this. The examiner again 
incorrectly cites Brenner v. Morrison stating a "patent is not a hunting license. It 
is not a reward for the search, but a reward for its successful conclusion". As 
stated in the brief, this quote applies to utility not to enablement and is thus 
incorrectly cited by the examiner. 

Reply to Answer Paragraph (1 1) Entitled "Response to Argument" 

The examiner states: 

As discussed above in section 6 Issues, the prior art rejection over 
Asahi Shinbum, International Satellite Edition (London), November 
28, 1986 (hereinafter, "the Asahi Shinbum article") is withdrawn in 
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view of applicant's remarks. It is believed that the withdrawn of the 
prior art rejection addresses each of applicant's remarks appearing 
at pages 7-51 and pages 1 14-173 of the Substitute Brief filed 
1/18/00 (paper #89). 

Applicants disagree with the examiner that "that the withdrawn of the prior 
art rejection addresses each of applicant's remarks appearing at pages 7-51 and 
pages 1 14-173 of the Substitute Brief". This is only true in so fa r as these pages 
contains arguments in rebuttal of the rejections under 35 USC 102 and 103 
which have been rendered moot since the examiner has been convinced by their 
argument submitted prior to the Final Action that appellants conceived their 
invention in the United States prior to the date of the Asahi Sinbum article and 
were diligent to a reduction to practice . As noted above, the examiner has not 
rebutted applicants argument that the 35 USC 102 and 103 rejections over the 
Asahi Sinbum article necessarily requires that applicants have fully enabled all 
their claims. Moreover, pages 1 14-173 have arguments in support of the 
patentability of each of the claims. The examiner has not specifically responded 
nor rebutted any of these specific arguments. Thus, these specific arguments 
are not rendered moot and must be considered by the Board. 

Appellants acknowledge that the rejection under under 35 USC 1 12, first 
paragraph, in the Final Office Action, has been modified in scope in the answer. 
The examiner has determined that the instant specification is enabled for 
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compositions comprising a transition metal oxide containing an alkaline earth 
element and a rare-earth or Group IIIB element. Appellants disagree with this. 
As shown below there are numerous materials made according to appellants' 
teaching which do not come within the scope of the claims allowed by the 
examiner in the answer. 

The examiner logically inconsistently with the 35 USC 102/103 rejection 
of appellants' claims objects to appellants' specification and rejects claims as not 
enabled under 35 USC 1 12, first paragraph. With respect to the remaining 
claims rejected under 35 U.S.C. 1 12, first paragraph , the examiners referring to: 

1 . appellant's remarks appearing at pages 52-1 01 of the 
Substitute Brief; 

2. appellants' arguments filed 1/18/00; 

3. the Affidavits filed September 29, 1995, January 3, 1996 
(paper nos. 49 and 52); 

4. the after-final submissions December 1 5, 1 998: (1 . 1 32 
Declarations of Mitzi, Tsuei, Dinger, Shaw and Duncombe) 
(Advisory mailed 2/25/99 (Paper 77E)) 

states they "have been fully considered but they are not deemed to be 
persuasive." (emphasis added) 

As noted at page 8 of the specification deemed means to have an 
opinion: believe. The examiner uses the word "deemed" often in the examiner's 
answer, that is, it is the examiner's opinion or belief unsupported by any factual 
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evidence. Applicants view is that the examiner's use of the word "deemed" 
necessarily requires a finding that the examiner has not meet the examiner's 
burden for establishing a case of lack of eneablement since the argument is only 
based on the examiner's opinion or belief and not on any significant factual 
evidence. As noted at page 64 of the Brief In re Angstadt states at 190 USPQ 
219: 

We note that the PTO has the burden of giving reasons, supported 
by the record as a whole, why the specification is not enabling. In 
re Armbruster, 512 F.2d 676, 185 USPQ 152 (CCPA 1975). 
Showing that the disclosure entails undue experimentation is part 
of the PTO's initial burden under Armbruster; this court has never 
held that evidence of the necessity for any experimentation, 
however slight, is sufficient to require the applicant to prove that 
the type and amount of experimentation needed is not undue. 

The examiner in the answer has not commented on applicants arguments 
rebutting the examiner's reasons for non-enablement. The examiner has not 
satisfied his burden of giving reasons, supported by the record as a whole, why 
the specification is not enabling. Applicants have provided extensive evidence 
that to practice applicants claimed invention does not require undue 
experimentation but only requires routine experimentation. That only routine 
experimentation is needed to practice applicants claimed invention is shown for 
example by the affidavits of Mitzi, Dinger, Tsuei, Shaw and Duncombe, the 
article of Rao et al. and the book of Poole et al. all of which state or show it is 
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straight forward to use the general principles of ceramic science to make high T c 
transition metal oxide superconductors which is appellants' teaching. 

The examiner has not rebutted this but merely deems applicants 
specification to be non-enabling, that is, it is the examiners opinion or belief that 
applicants specification is nonenabling. 

The examiner further states: 

The additional case law and arguments by the applicants have 
been duly noted. For the reasons that follow, however, the record 
as a whole is deemed to support the initial determination that the 
originally filed disclosure would not have enabled one skilled in the 
art to make and use the invention to the scope that it is presently 
claimed. (Emphasis Added) 

The examiner has not commented upon nor rebutted appellants' 
application of these cases to the facts of the prese nt claims on appeal. The 
examiner merely deems (that is in the examiners opinion or belief ) "the 
originally filed disclosure would not have enabled one skilled in the art to make 
and use the invention to the scope that it is presently claimed." The examiner 
presents no intrinsic or extrinsic facts to support the examiner's opinion or belief. 
The examiner has, therefore, not met his burden "of giving reasons, supported 
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by the record as a whole, why the specification is not enabling." In re 
Armbruster, 512 F.2d 676, 185 USPQ 152 (CCPA 1975). Merely stating without 
evidentiary support that the art of high T c superconductivity is unpredictable and 
stating without support that the theoretical mechanism is not understood does 
not satisfy the examiner's burden. 

The examiner further states: 

The applicants quote several passages from their specification at pp. 
13-15 of their September 29, 1995 Amendment, but the issue is the scope 
of enablement, not support. The present disclosure may or may not 
provide support for particular embodiments, but the issue here is the 
scope to which that disclosure would have taught one skilled in the art 
how to make and use a composition which shows the onset of 
superconductivity at above 26°K. Construed in light of that issue, the 
invention is not deemed to have been fully enabled by the disclosure to 
the extent presently claimed. (Emphasis Added) 

Again the examiner deems appellants' claims not enabled. At page 54 of 
the brief appellants state "Applicants do not have to provide experimental results 
for every composition that fall within the scope of their claims when a person of 
skill in the art exercising routine experimentation has a reasonable expe ctation 
of success following applicants teaching to achieve a composition through which 
Application 08/303,561 27 



can be flowed a superconducting current according to the teaching of Applicants' 
specification." The examiner has not commented upon nor rebutted this 
argument. As extensively shown in the brief, it is a matter of routine 
experimentation to make the compounds which come with in the scope of 
appellants' claims. The examiner has not commented on nor rebutted this. The 
examiner merely states "Construed in light of that issue, the invention is not 
deemed to have been fully enabled by the disclosure to the extent presently 
claimed." Again, the examiner is merely stating without any intrinsic or extrinsic 
evidence that it is the examiners' opinion or belief th at the invention is not fully 
enabled by the disclosure to the extent presently claimed. Again the examiner 
has not met his burden "of giving reasons, supported by the record as a whole, 
why the specification is not enabling." In re Armbruster, 512 F.2d 676, 185 
USPQ 152 (CCPA1975). 

The examiner further states: 

(1 ) In their September 29, 1 995 Amendment, the 

applicants argue that their disclosure refers to "the composition 
represented by the formula RE-TM-0, where RE is a rare earth or 
rare earth-like element, TM is a nonmagnetic transition metal, and 
0 is oxygen", and list several species such as "La 2 - x ,BaxCU04.y" 
which they indicate are found in the present disclosure. 
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(2) Notwithstanding that argument, it still does not follow 

that the invention is fully enabled for the scope presently claimed. 
The claims include formulae which are much broader than the 
RE-TM-0 formula cited in the disclosure. Claim 24 recites "a 
transition metal oxide", claim 88 "a composition", and claim 96 "a 
copper-oxide compound". 

Appellants note that their disclosure is not limited to any particular 
formula as implied by the examiner. See for example the Summary of The 
Invention which states at page 7, lines 2-5, "In general, the compositors are 
characterized as mixed transition metal oxide systems where the transition metal 
can exhibit multivalent behavior". 

As stated in the brief at pages 54-55: 

According to In re Angstadt 190 USPQ 214, 218 in an 
unpredictable art, §1 12 does not require disclosure of a test with 
every species covered by a claim. The CCPA states: 

To require such a complete disclosure would apparently 
necessitate a patent application or applications with 
"thousands" of examples or the disclosure of "thousands" 
of catalysts along with information as to whether each 
exhibits catalytic behavior resulting in the production of 
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hydroperoxides. More importantly, such a requirement 
would force an inventor seeking adequate patent 
protection to carry out a prohibitive number of actual 
experiments. This would tend to discourage inventors 
from filing patent applications in an unpredictable area 
since the patent claims would have to be limited to those 
embodiments which are expressly disclosed. A potential 
infringer could readily avoid "literal" infringement of such 
claims by merely finding another analogous catalyst 
complex which could be used in "forming 
hydroperoxides." 

This is exactly the situation in the present application. If applicants are 
limited to the claims that are allowed by the examiner, a potential infringer could 
readily avoid "literal" infringement of such claims by merely fin ding, through 
routine experimentation, other transition metal oxides having a high Tc. As 
shown below there are numerous materials made according to appellants' 
teaching which do not come within the scope of the claims allowed by the 
examiner in the answer. 

The examiner further essentially repeats what was stated in the Final 

Action: 

The present specification actually shows that known forms of a 
"transition metal oxide", "a composition", and "a copper-oxide 
compound" do not show the onset of superconductivity at above 
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26- K. At p. 3, line 20, through p. 4, line 9, of their disclosure, the 
applicants state that the prior art includes a "Li-Ti-0 system with 
superconducting onsets as high as 13.7°K." Official Notice is 
taken of the well-known fact that Ti is a transition metal. That 
disclosure also refers to "a second, nonconducting CuO phase" at 
p. 14, line 18. 

In response to this appellant stated at page 7 in the brief: 

Applicants claims are directed to "transition metal oxides", "a 
composition" and "a copper-oxide compound" having a T c in excess 
of 26°K which is carrying a superconducting current. Applicants 
claims do not include in the claimed method compositions having 
T c < 26°K. Thus the examples on page 3, line 20 - page 4, line 9, 
are not included in applicants claims. That these are trans ition 
metal oxides having T c < 26°K does not mean that Applicants' 
claims directed to transition metal oxides, compositions and copper 
oxides having T c > 26°K are not enabled. Applicants provide the 
teaching on how to fabricate such oxides having T c > 26°K. The 
"second non-conducting CuO phase" referred to at page 14, line 
18, again does not mean that applicants claims are not enabled. 
Applicants* statements at page 14 is part of applicants teaching on 
how to achieve an oxide having a T c > 26°K. The Examiner is 
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attempting to use Applicants' complete description of their teaching 
to show lack of enablement when, in fact, this complete teaching 
provides full enablement by showing how samples are and are not 
to be prepared. Applicants have claimed their invention 
functionally, that is, as a method of use so the Applicants' claim do 
not read on inoperable species. What the Examiner " seems to be 
obsessed with is the thought of Transition metal oxides! 
which won't work to produce the intended result. Applicants 
have enabled those of skill in the art to see that this is a real 
possibility which is commendable frankness in a disclosure ." 
In re Angstadt, Supra. (Emphasis Added) 

The examiner has not commented on appellants citation of In re Angstadt 
in support of their position which has been presented as bolded and underlined 
above. The examiner seams to be of the view that the first paragraph of 35 USC 
112 requires absolute certainty. As stated in the brief at pages 54-55 according 
to In re Angstadt 190 USPQ 214, 218 in an unpredictable art, §1 12 does not 
require disclosure of a test with every species covered by a claim. In the answer 
the examiner has not responded nor rebutted appellants' argument. 

As stated by appellants in the brief, in particular at page 63, according to 
In re Angstadt all that is necessary is that the experimentation required to 
determine which combinations have the desired result (i.e. Tc greater than 26 Q K) 
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can be produced without undue experimentation and would not "require 
ingenuity beyond that to be expected of one of ordinary skill in the art". 1 90 
USPQ, 214, 218 in re Field v. Connover 170 USPQ, 276, 279 (1971). 
Appellants have provided extensive evidence that transition metal oxides can be 
made according to appellants' teaching without undue experimentation and 
without requiring "ingenuity beyond that to be expected of one of ordinary skill in 
the art". In the answer, the examiner has not responded to nor rebutted 
appellants' arguments. 

The examiner further states: 

Accordingly, the present disclosure is not deemed to have been 
fully enabling with respect to the "transition metal oxide" of claim 
24, the "composition" of claim 88,, or the "copper-oxide 
compound" of claim 96. (Emphasis added.) 

Again without facts or acceptable reasons the examiner "deems" 
appellants' claims not enabled and for the reasons given above appellants 
disagree. Appellants discovered that metal oxides have Tc > 26°K that is why 
they were awarded a Nobel Prize. With respect to the transition metal oxide of 
claim 24, the "composition" of claim 88 and the "copper-oxide compound" of 
claim 88, there is no evidence in the record that a person of skill in the art 
cannot practice the claimed invention without undue experimentation. The only 
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attempt made by the examiner to factually support the examiner's statement that 
the claims "are deemed not enabled" are the examples provided by appellants 
which show T c < 26°K. Appellants provide this teaching so that a person of skill 
in the art will be fully informed on how to practice appellants invention. In this 
regard the examiner states: 

The examples at p. 18, lines 1-20, of the present specification 
further substantiates the finding that the invention is not fully 
enabled for the scope presently claimed. With a 1:1 ratio of (Ba. 
La) to Cu and an x value of 0.02, the La-Ba-Cu-0 form (i.e., 
"RE-AE-TM-0", per p. 8, line 11) shows no superconductivity". 
With a 2:1 ratio of (Ba, La) to Cu and an x value of 0.15, the 
La-Ba-Cu-0 form shows an onset of superconductivity at "T c = 26 
S K". It should be noted, however, that all of the claims in this 
application require the critical temperature (T c ) to be "in excess of 
26 e K" or "greater than 26 Q K". 

Appellants note that examiner states that "the present specification 
further substantiates the finding that the invention is not fully enabled" 
(Emphasis added) misrepresents the examiner's argument up to this point since 
up to this point the examiner has only used the unsupported statements that the 
theory of high Tc art is very unpredictable and that the theory of high Tc in these 
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materials is not understood. These unsupported statements do not substantiate 
anything and should be disregarded by the Board. 

Appellants note that the examiner cites 3 examples from applicants' 
specification which are transition metal oxides which do not have a have T c > 
26°K: 1) a Li-Ti-0 system with superconducting onsets as high as 13.7°K ( cited 
at p. 3, line 20, through p. 4, line 9) , 2) the 1:1 ratio with an x=0.02 sample cited 
on page 18, line 7, which did not show superconductivity, and 3) the 2:1 
composition with x=0.15 with a resistivity drop that occurs at 26 9 K. In appellants 
view the examiner is making a specious argument in regards to the third 
example. Thus there are only two examples upon which the examiner is 
"deeming" applicants claims not enabled. The examiner seems to be of the 
view that an applicants' must have 100% predictability. Appellants and the 
courts disagree. The fact that there are transition metal oxides having T c < 26 e K 
does not mean that applicants have not fully enabled their claimed invention. If 
only routine experimentation is needed to determine which transition metal 
oxides have T c > 26 Q K, without requiring ingenuity beyond that to be expected of 
one of ordinary skill in the art, then applicants' disclosure enables applicants' 
claims. In the brief at page 65 appellants note that In re Angstadt states at 190 
USPQ219: 

We note that the PTO has the burden of giving reasons, 
supported by the record as a whole, why the specification is not 
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enabling. In re Armbruster, 512 F.2d 676, 185 USPQ 152 (CCPA 
1975). Showing that the disclosure entails undue 
experimentation is part of the PTO's initial burden under 
Armbruster; this court has never held that evidence of the 
necessity for any experimentation, however slight, is sufficient 
to require the applicant to prove that the type and amount of 
experimentation needed is not undue. ... Without undue 
experimentation or effort or expense the combinations which 
do not work will readily be discovered and, of course, nobody 
will use them and the claims do not cover them. The 
[examiner] wants appellants to make everything predictable in 
advance, which is impracticable and unreasonable. ... The 
key word is "undue," not "experimentation." (Emphasis 
Added) 

The examiner has not commented on nor rebutted this argument. The 
examiner's statement that "the present disclosure is not deemed to have been 
fully enabling" is not sufficient to meet the examiner's burden under In re 
Armbruster and the examiner has thus failed to establish that applicants claims 
are not enabled. "Appellants do not have to make everything predictable in 
advance" where, as here, the experimentation to make samples that can be used 
within the scope of the appellants' claims is np! undue. 

The examiner further states: 
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The applicants also have submitted three affidavits attesting to the 
applicants' status as the discoverers of materials that superconduct 
> 26 Q K. Each of the affidavits further states that "all the high 
temperature superconductors which have been developed based 
on the work of Bednorz and Muller behave in a similar manner 
(way)". Each of the affidavits add "(t)hat once a person of skill in 
the art knows of a specific transition metal oxide composition which 
is superconducting above 26 S K, such a person of skill in the art, 
using the techniques described in the (present) application, which 
includes all known principles of ceramic fabrication, can make the 
transition metal oxide compositions encompassed by (the present) 
claims ... without undue experimentation or without requiring 
ingenuity beyond that expected of a person of skill in the art." All 
three affiants apparently are the employees of the assignee of the 
present application. Those affidavits do not set forth particular 
facts to support the conclusions that all superconductors based on 
the work behave in the same way and that one skilled in applicants' 
work behave in the same way and that one skilled in the art can 
make those superconductors without undue experimentation. 
Conclusory statements in an affidavit or specification do not 
provide the factual evidence needed for patentability. 
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The examiner has incorrectly stated that appellants have produced three 
affidavits. Appellants have produced five affidavits of affiants who are employed 
at the IBM, Thomas J. Watson Research Center. The affidavits of Shaw and 
Duncombe were reviewed and considered in paper 77E, page 2 and are referred 
to at page 10 of the answer. The affidavits of Mitzi, Dinger, Tsuei, Shaw and 
Duncombe and the book of Poole et al. state it is stra ight forward to use the 
general principles of ceramic science to make high T c transition metal oxide 
superconductors following appellants' teaching. The book of Poole et al. and 
the affidavit of Duncombe show numerous example of high Tc superconductors 
produced according to applicants teaching. The affidavits of Shaw and 
Duncombe cites numerous books and articles which provide the general 
teaching of ceramic science at the time of and prior to the filing date of the 
present application. The affidavit of Duncombe also provides several hundred 
pages copied from Mr. Duncombe's notebooks starting from before appellants' 
filing date showing the fabrication of numerous samples. In regards to these 
pages, Mr. Duncombe states "I have recorded research notes relating to 
superconductor oxide (perovskite) compounds in technical notebook IV with 
entries from November 12, 1987 to June 14, 1998 and in technical notebook V 
with entries continuing from June 7, 1988 to May 1989." Mr. Duncombe's 
affidavit list some of the compounds prepared using the general principles of 
ceramic science: Yi Ba 2 Cu 3 O x ; Y, Ba 2 Cu 3 0 3 ; Bi 215 Sr^sCau Cu 2 Cv 8 ; Ca (2 - X) 

Sr x Cu Ox and Bi 2 Sr 2 Cu O x . Appellants note that the last three examples do not 
come within the scope of the claims allowed by the examiner in the answer since 
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they do not contain a rare earth or group III B element. The examiner has not 
commented on the data in Mr. Duncombe's affidavit. Mr. Duncombe's affidavit 
provides direct evidence that these examples were made following appellants' 
teaching without undue experimentation. Moreover, in the answer the examiner 
quotes from the preface of the Poole article which states in part at A3 : "The 
unprecedented worldwide effort in superconductivity research that has taken 
place over the past two years has produced an enormous amount of 
experimental data on the properties of the copper oxide type materials that 
exhibit superconductivity above the temperature of liquid nitrogen. ... During this 
period a consistent experimental description of many of the properties of the 
principal superconducting compounds such as BiSrCaCuo, LaSrCuO, 
TIBaCaCuO. and YBaCuO has emerged". The first and third of these 
compositions does not come within the scope of the claims allowed by the 
examiner in the answer since they do not contain a rare earth or group III B 
element, even though Poole states that they are easy to make following the 
general principals of ceramic science as taught by appellants. Other data 
supporting appellants view is reported in the Review Article "Synthesis of 
Cuprate Superconductors" by Rao et al., IOP Publishing Ltd. 1993. A copy of 
this article is in Attachment C to the reply brief. This article lists in Table 1 the 
properties of 29 cuperate superconductors made according to appellants 
teaching. Twelve (#'s 1 , 8-13, 16, 17, 20, 21 , 27 and 28 ) of those listed do' not 
come within the scope of the claims allowed by the examiner. Only three of the 
29 have a Tc < 26° K. Those twelve do not contain one or more of a rare earth, 
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a group 1MB element or an alkaline earth element. It is thus clear that broader 
claims than allowed in the answer should be allowed since it is clear that the 
allowed claims can be avoided following appellants teaching without undue 
experimentation. Appellants are entitled to claims which encompass these 
materials since they were made following appellants' teaching. 

The article of Rao et al. in the first sentence of the introduction citing 
appellants' article - which is incorporated by reference in their application - 
acknowledges that appellants initiated the field of high Tc superconductivity. 
Appellants further note that the Rao article acknowledges that "a large variety of 
oxides" are prepared by the general principles of ceramic science and that 
appellants discovered that metal oxides are high Tc superconductors. 
Citing reference 5 therein - the book "New Directions in Solid State Chemistry", 
Rao et al. 1989 (Cambridge; Cambridge University Press) for which there is a 
1986 edition which predates appellants filing date Rao (See Attachment B) - Rao 
et al. states: 

Several methods of synthesis have been employed for preparing 
cuprates, with the objective of obtaining pure monophasic products 
with good superconducting characteristics [3, 4]. The most 
common method of synthesis of cuprate superconductors is the 
traditional ceramic method which has been employed for the 
preparation of a large variety of oxide materials [5]. Although the 
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ceramic method has yielded many of the cuprates with satisfactory 
characteristics, different synthetic strategies have become 
necessary in order to control factors such as the cation 
composition, oxygen stoichiometry, cation oxidation states and 
carrier concentration. Specifically noteworthy amongst these 
methods are chemical or solution routes which permit better mixing 
of the constituent cations in order to reduce the diffusion distance 
in the solid state [5, 6]. Such methods include coprecipitation, use 
of precursors, the sol-gel method and the use of alkali fluxes. The 
combustion method or self-propagating high-temperature synthesis 
(SHS) has also been employed. 

Reference 5 is another example of a reference to the general principles of 
ceramic science incorporated into appellants teaching. The Rao et al. article 
states that the 29 materials reported on in the article and fabricated in Table 1 
are fabricated using the general principles of ceramic science. Moreover, the 
Rao article states that these materials are fabricated by what the Rao article 
calls the "ceramic method" which is the preferred embodiment in appellants 
specification, yet 12 of the 29 materials in Table 1 do not come within the scope 
of the claims allowed by the examiner in the answer. Thus known examples 
fabricated according to appellants' teaching will not be literally infringed by the 
Rao, Duncombe and Poole examples. 
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The examiner further states: 

Those affidavits do not overcome the non-enablement rejection. 
The present specification discloses on its face that only certain 
oxide compositions of rare earth, alkaline earth, and transition 
metals made according to certain steps will superconduct at > 
26 fi K. 

As stated above, In re Angstadt 190 USPQ 214, 218 held that in an 
unpredictable art, §112 does not require disclosure of a test with every species 
covered by a claim. As stated above, appellants note that the examiner has 
presented no extrinsic evidence that the art of high Tc superconductivity is 
unpredictable. It is the examiner's burden to show that a person of skill in the art 
would have to engage in undue experimentation to practice applicants' claimed 
invention. The examiner has clearly not done this. The only evidence that the 
examiner offers in support of his determination of nonenablement are three 
examples of metal oxide with T c < 26°K which the appellants with commendable 
frankness have included in their specification. Appellants also note, as stated 
above, there are many other materials made according to appellants' teaching 
reported in the literatu re made following appellants teaching which do not come 
within the scope of the claims allowed in the examiner's answer. 

The examiner further states: 
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Those affidavits are not deemed to shed light on the state of the 
art and enablement at the time the invention was made. One may 
know now of a material that superconducts at more than 26°K, but 
the affidavits do not establish the existence of that knowledge on 
the filing date for the present application. Even if the present 
application "includes all known principles of ceramic fabrication", 
those affidavits do not establish the level of skill in the ceramic art 
as of the filing date of that application. 

The examiner stated to the contrary in paper 77E page 2, that "It is the 
examiner's maintained position that [the] general principles a ceramic fabrication 
were most certainly known prior to the filing date of the instant application." 
Thus the examiner acknowledges that the general principles of ceramic science 
were known prior to appellants filing date. There is no evidence in the record to 
indicate that anything more is needed to fabricate compositions which can be 
used to practice applicants' invention to the full scope that it is claim ed in the 
present invention. To the contrary, appellants have shown numerous examples 
in the affidavits and references of samples fabricated according to appellants' 
teaching useful to practice their claimed invention. Notwithstanding, since the 
claims are method of use claims, appellants do not believe that they are required 
to provide a teaching of how to fabricate all compositions which may be used 
within the full scope of applicants' claimed invention. 
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The examiner acknowledges that the applicants are the pioneers in high 
temperature metal oxide superconductivity. However, the examiner states "The 
finding remains, nonetheless, that the disclosure is not fully enabling for the 
scope of the present claims". The examiner has not commented on appellants' 
comments in the brief that once applicants discovered high Tc in metal oxides, it 
was straight forward for others following appellants' teaching to make other 
examples of high Tc metal oxides. That appellants were the pioneers in Tc 
metal oxides is not the only issue. The relative ease of making other metal 
oxides is equally important. Applicants discovery is that metal oxides had high 
Tc. The fabrication techniques are not applicants dis covery since these 
techniques, as acknowledged by the examiner, were well known prior to 
applicants discovery. 

The examiner has cited seven decisions as providing the legal basis for 
this determination of non-enablement. In the brief appellants have extensively 
shown how these seven cases support appellants' position that they have fully 
enabled their claims. In the answer, the examiner has not rebutted appellants' 
extensive analysis of these cases and how they apply to the present invention to 
support appellants' view that appellants' claims are fully enabled. The examiner 
has not rebutted appellants arguments as to how the examiner has misapplied 
these cases to the present application. The examiner states "That case law 
speaks for itself". Applicants agree that the case law speaks for itself, that is, it 
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supports appellants' position that their claims are fully enabled. The examiner 
apparently means by this statement that the case law supports the examiner's 
position that the rejected claims are not enabled. The examiner has not 
attempted to show how the facts of the cited cases relate to the facts of the 
present application. The examiner has essentially taken statements out of 
context from these cases to support the examiner's view. However, when the 
cases are analyzed as appellants have done in the brief, it is clear that theses 
cases support appellants view that their claims are fully enabled. 

The MPEP SECTION---2164.01(a) entitled "Undue Experimentation Factors" 

citing In re Wands 8USPQ2d 1400 states: 

There are many factors to be considered when determining 
whether there is sufficient evidence to support a determination that 
a disclosure does not satisfy the enablement requirement and 
whether any necessary experimentation is "undue." These factors 
include, but are not limited to: 

(A) The breadth of the claims; 

(B) The nature of the invention; 

(C) The state of the prior art; 

(D) The level of one of ordinary skill; 

(E) The level of predictability in the art; 

(F) The amount of direction provided by the inventor; 

(G) The existence of working examples; and 

(H) The quantity of experimentation needed to make or use the 
invention based on the content of the disclosure. 
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The examiner has not applied these factors. Appellants have shown that: 



(A) Their claims are as broad as their discovery which is that metal 
oxides can carry a superconductive current for a To 26 s K; 

(B) The invention is easily practiced by a person of skill in the art; 

(C) The state of the prior art clearly shows how to fabricate 
materials which can be used to practice appellants' invention; 

(D) The level of one of ordinary skill in the are is not high since as 
sated in the Poole et al. book materials to practice appellants 
invention are easily made and all that is needed to practice 
appellants' claimed invention is to cool the material below the Tc 
and to provide a current which will be a superconductive current. It 
has been well known how to do this since the discovery of 
superconductivity in 191 1. (See page 1 of "Superconductivity" by 
M. Von Laue) 

(E) There is no unpredictability in how to make materials to 
practice appellants' invention and there is no unpredictability in 
how to practice applicants' invention. The only unpredictability is 
which particular metal oxide will have a To 26- K. As extensively 
shown by appellants this is a matter of routine experimentation. 
The examiner has not denied not rebutted this.; 

(F) Appellants have provided extensive direction to make materials 
to practice their claimed invention. They have included all known 
principles of ceramic science. Also, as stated in the Poole book 
these materials are easily made. The examiner has not denied nor 
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rebutted this. The examiner has made no comment on the amount 
of direction provided by the appellants; 

(G) Appellants have provided sufficient working examples and 
examples of metal oxides that have Tc > 26°K for a person of skill 
in the art to fabricate materials that can be used to practice 
appellants' claimed invention; and 

(H) Appellants have shown that the quantity of experimentation 
needed to make samples to use the invention based on the content 
of the disclosure in the specification is routine experimentation. 

The MPEP SECTION— 2164.01 (a) further states: 

The fact that experimentation may be complex does not 
necessarily make it undue, if the art typically engages in such 
experimentation. In re Certain Limited-Charge Cell Culture 
Microcarriers, 221 USPQ 1 165, 1 174 (Int'l Trade Comm'n 1983), 
aff'd. sub nom., Massachusetts Institute of Technology v. A.B. 
Fortia, 774 F.2d 1 104, 227 USPQ 428 (Fed. Cir. 1985). 

See also In re Wands, 858 F.2d at 737, 8 USPQ2d at 1404. The 
test of enablement is not whether any experimentation is 
necessary, but whether, if experimentation is necessary, it is 
undue. In re Angstadt, 537 F.2d 498, 504, 190 USPQ 214, 219 
(CCPA1976). MPEP 2164 

There is no statement by the examiner nor any evidence in the record that 
the experimentation to make materials to practice appellants' claimed invention 
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is complex or undue. But it is clear that even if the experimentation was complex 
to make samples to practice appellants' claimed invention it would not render 
appellants' claims not enabled since the art typically engages in the type of 
experimentation taught by appellants to make samples to practice their claimed 
invention. 

The facts of In re Wands have similarity to the facts of the present 
application under appeal. The Court at 8 USPQ2d 1406 held that: 

The nature of monoclonal antibody technology is that it involves 
screening hybridomas to determine which ones secrete antibody 
with desired characteristics. Practitioners of this art are prepared 
to screen negative hybridomas in order to find one that makes the 
desired antibody. 

Correspondingly appellants have shown that the nature of high Tc 
technology is that it involves preparing samples to determine which ones have 
Tc > 26°K - the desired characteristic. Practitioners of this art are prepared to 
prepare samples in order to find one that have the desired Tc. Nothing more is 
required under In re Wands. 

Appellants have shown that their specification is enabling with respect to 
the claims at issue and that there is considerable direction and guidance in the 
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specification; with respect to appellants' claimed invention there was a high level 
of skill in the art to fabricate samples at the time the application was filed; and 
all of the methods needed to practice the invention were well known. Thus 
appellants have shown that after considering all the factors related to the 
enablement issue, it would not require undue experimentation to obtain the 
materials needed to practice the claimed invention. The examiner has not 
denied nor rebutted this. 

A conclusion of lack of enablement means that, based on the evidence 
regarding each of the above factors, the specification, at the time the application 
was filed, would not have taught one skilled in the art how to make and/or use 
the full scope of the claimed invention without undue experimentation. In re 
Wright, 999 F.2d 1557,1562, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993). It is the 
examiner's burden to show this and the examiner has clearly not done so. 

The breadth of the claims was a factor considered in Amgen v. Chugai 
Pharmaceutical Co., 927 F.2d 1200, 18 USPQ2d 1016 (Fed. Cir.), cert, denied, 
502 U.S. 856 (1991). In the Amgen case, the patent claims were directed to a 
purified DNA sequence encoding polypeptides which are analogs of 
erythropoietin (EPO). The Court stated that: 

Amgen has not enabled preparation of DNA sequences sufficient 
to support its all-encompassing claims. . . . [D]espite extensive 
statements in the specification concerning all the analogs of the 
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EPO gene that can be made, there is little enabling disclosure of 
particular analogs and how to make them. Details for preparing 
only a few EPO analog genes are disclosed. . . . This disclosure 
might well justify a generic claim encompassing these and similar 
analogs, but it represents inadequate support for Amgen's desire 
to claim all EPO gene analogs. There may be many other genetic 
sequences that code for EPO-type products. Amgen has told how 
to make and use only a few of them and is therefore not entitled to 
claim all of them. 927 F.2d at 1213-14, 18 USPQ2d at 1027. 

In the present application appellants have provided a teaching (and proof 
thereof) of how to make all known high Tc materials useful to practice their 
claimed invention. As the Amgen court states this type of disclosure justifies a 
generic claim. As the In re Angstadt court states the disclosure does not have to 
provide examples of al species within appellants claims where it is within the 
skill of the art to make them. There is no evidence to the contrary. 

The examiner states "[t]he appellants argue that their own examples do 
not support the determination of non-enabling scope of the invention. 
Nevertheless, the record is viewed as a whole. If the applicants could not show 
superconductivity with a T c > 26°K for certain compositions falling within the 
scope of the present claims, it is unclear how someone else skilled in the art 
would have been enabled to do so at the time the invention was made." The 
examiner avoids the essential issues. Even though appellants' claims do not 
cover inoperable species, In re Angstadt clearly permits a claim to include 
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inoperable species where to determine which species works does not require 
undue experimentation. The examiner has not presented any substantial 
evidence that undue experimentation is required to practice appellants' claim. 
This is the examiner's burden. On the other hand, appellants have presented 
five affidavits of experts, the book of Poole and the article of Rao all of which 
agree that once a person of skill in the art knows of appellants' invention, it is 
straight forward to fabricate other sample. Also, in response to the examiner's 
inquiry, "if the applicants could not show superconductivity with a T e > 26°K for 
certain compositions falling within the scope of the present claims, it is unclear 
how someone else skilled in the art would have been enabled to do so at the 
time the invention was made", it is clear that a person of skill in the art would 
have been enabled by routine experimentation following applicants teaching to 
determine other samples with T e > 26°K. This is all that is required, and there is 
no evidence in the record to the contrary. 

In the prosecution and the brief, appellants have noted that the examiner 
has taken a contrary view to appellants' five affiants each of whom has qual ified 
himself as an expert in the field of ceramic technology and in superconductivity. 
Also, the examiners' argument for nonenablement is primarily based on the 
examiner "deeming" the rejected claims nonenabled based in the unsupported 
assertion that the art of high Tc is unpredictable and not theo retically 
understood, that is, the examiner's opinion or belief that the claims are not 
enabled. In the prosecution and the brief appellants requested the examiner to 
Application 08/303,561 51 



submit an affidavit to qualify himself as an expert to conslusorily "deem" the 
rejected claims nonenabled and to substantiate the unsupported assertion s. 
The examiner has not submitted an affidavit. The examiner's opinions should 
therefore be stricken from the record. 37 CFR 104(d)(2) states "[w]hen a 
rejection in an application is based on facts within the personal knowledge of an 
employee of the office ... the reference must be supported when called for by the 
applicants, by an affidavit of such employee." (Emphasis Added) 

The examiner further states: 

The appellants argue that the "Examiner has provided no 
substantial evidence to support this assertion (of non-enabling 
scope of the invention). It is respectfully requested that the 
Examiner support (his) assertion with factual evidence and not 
unsupported statements." Nevertheless, the determination of non- 
enabling scope is maintained for the reasons of record. 

Appellants note the examiner has not responded to appel lant request that 
the examiner support his view on nonenablement with an affidavit of facts rather 
than unqualified conslusory statements. 

The examiner further states: 
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The appellants argue that the "standard of enablement for a 
method of use is not the same as the standard of enablement for a 
composition of matter" and that their claimed invention is enabling 
because it is directed to a method of use rather than a 
composition. Basis is not seen for that argument, to the extent that 
it is understood. 

Applicants discovered that metal oxides had Tc > 26 Q K. This was not 
known prior to applicants' discovery. Once this is realized, the only enablement 
required for appellants' claims are to coo I a metal oxide below the Tc and to 
provides a superconducting current. It is not necessary for applicants to provide 
a detailed method of making every composition which can be used within the 
scope of their claims. Applicants' claims are not directed to the composition of 
matter. They are directed only to the use of the metal oxide as a superconductor 
with a Tc>26°K, that is, as a circuit element in operation. It was within the skill of 
the art to fabricate metal oxides using the appellants teaching and test them for 
a To 26°K using techniques well known prior to appellants filing date. 

Appellants agree that process of use claims are subject to the statutory 
provisions of 35 U.S.C. 112, first paragraph. However, those provisions are 
directed to the claimed process of use invention and not to a composition of 
matter claim. It is not relevant how a composition, which can be used to practice 
appellants' claims, is made since the invention is how the composition is used. 
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Thus the type of enablement is different. For example, if a circuit containing a 
resister is claimed, the applicant does not have to teach all known methods to 
fabricate the resistor and the claim will read on circuits including resistors made 
by methods discovered after the filing date of the application. Here appellants 
are claiming a high Tc superconductor (a type of resistor) that carries a current 
below a temperature of Tc > 26°K. This is a circuit element in operation. 

The appellants asserted in the brief and in the prosecution that the 
examiner has not shown by evidence not contained within appellants' teaching 
that the art of high Tc superconductors is unpredictable. In response the 
examiner states "[t]o the extent that the same assertion is understood, the 
rejection is maintained for the reasons of record." Applicants' statement is ver y 
clear. The examiner is trying to avoid the issue since examiner has not shown 
by evidence not contained within applicants' teaching that the art of high Tc 
superconductors is unpredictable. The examiner has merely "deemed" it to be 
so. 

Appellants have extensively referred to "Copper Oxide Superconductors" 
by Charles P. Poole, Jr., et al., (hereinafter, "the Poole book" or "the Poole 
article") as supporting their position that higher temperature superconductors 
were not that difficult to make after their original discovery. This is because 
methods of making metal oxides which could be used to practice appellants' 
claimed invention were well known prior to applicants discovery that metal 
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oxides had a T c > 26°K. In response the examiner states "Initially, however, it 
should be noted that the Poole article was published after the priority date 
presently claimed". It is not relevant that the Poole article was published after 
the priority date since it is clear evidence that only routine experimentation was 
needed to practice appellants' claimed invention and there is no indication that 
anything more than appellants' teaching is needed. The examiner further 
comments on the Poole book stating, "[a]s such, it does not provide evidence of 
the state of the art at the time the presently claimed invention was made" . As 
noted in the brief, Poole clearly states that the materials that can be used within 
the scope of applicants claims were easily made. And as stated above the 
examiner has acknowledged that the fabrication techniques were well known 
prior to appellants' invention. Poole states that is why so much work was done 
in so short a period of time. Th is is clear and convincing evidence that persons 
of skill in the art were fully enabled by applicants teaching to practice applicants' 
claimed invention. It is not necessary for appellants to show that the data was 
generated prior to appellants' filing date. The examiner has not stated, nor is 
there any evidence presented by the examiner, nor is there any indicati on in the 
Poole book that anything more than what appellants taught was necessary to 
practice appellants' claimed invention. It is only necessary that persons of skill 
in the art can practice applicants claimed invention from appellants' teaching 
without undue experimentation. As stated in In re Angstadt there is no 
requirement of no experimentation to practice the claimed invention which is the 
standard the examiner is apparently applying . 
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The examiner further sates: 



Moreover, the present claims are directed to processes of 
using metal oxide superconductors, not processes of making them. 
Even if the Poole article provided direct evidence of the state of the 
art at the time the invention was made, which it apparently does 
not, that evidence still does not pertain to the issue at hand, 
namely, the process of using metal oxide superconductors to 
conduct electricity under superconducting conditions. 

Y _ 

The Poole article clearly does not pertain to the process of using metal 
oxide superconductors to conduct electricity under superconducting conditions 
prior to appellants invention since this is appellants' discovery and their 
invention. The Poole article clearly shows that once appellants revealed their 
discovery, it was easy to practice appellants' invention and to fabricate other 
materials to practice appellants' claimed invention. It is not relevant that the 
Poole article is after the date of appellants' patent application since there is no 
indication in Poole that anything more than what appellants have taught was 
used to create the easily created high Tc materials referred to by Poole. The 
Poole article clearly shows how these easily made materials can be used to 
practice appellants' claimed invention. The Poole book is directed to metal 
oxide materials carrying a superconducting current at T c > 26°K which can be 
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used in a variety of circuit configurations. Chapter 10 pp . 196-218 of the Poole 
book is directed to the process of using metal oxide superconductors to conduct 
electricity under superconducting conditions. The first paragraph of Chapter 10 
states: 

The principal applications of superconductors are based upon their 
ability to carry electric current without any loss, and therefore it is 
important to understand their transport properties. This chapter 
begins with a discussion of resistivity and critical current flow in the 
absence of externally applied fields. This is followed by a 
discussion of several techniques involving applied fields and 
thermal effects. The chapter concludes with sections on tunneling 
and the Josephson effect. 

Applicants acknowledge the Preface of the Poole Article states in part at 
A3:" The field of high-temperature superconductivity is still evolving ..." And 
applicants agree with the examiner that "the field of high-temperature 
superconductivity continued to grow, on the basis of on-going basic research, 
after the Bednorz and Meuller article was published." The automobile was 
discovered prior to 1900 and that field still , more than 100 years latter, continues 
to grow. The inventor of the automobile would have been able to claim an 
"automatically moving carriage under the power of an engine" which would be 
dominant to every automobile manufacture today even through the automobile 
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technology of today was unknown 100 years ago. Notwithstanding such a 
dominant claim, others could invent more specific improvements as the field 
continued to grow, on the basis of on-going basic research. That the f iel d of 
high-temperature superconductivity continued to grow, on the basis of on-going 
basic research, after the Bednorz and Meuller article was published does not 
mean that appellants are not entitled to a claim to their discovery event though it 
may dominate the inventions of others based on subsequent on-going basis 
research where that ongoing basis research followed appellants' teaching to 
fabricate, as taught by appellants, other specific materials to use as taught by 
appellants. 

In the first two full paragraphs on page 20 of the answer the examiner 
incorrectly refers to three affidavits submitted by app ellants. Appellants have 
submitted five affidavits all of which , as noted above, have been considered and 
entered. The affidavits of Shaw and Duncombe cited numerous text and articles 
in support of their affidavits. The affid avit of Duncombe provides several 
hundred pages of experimental data in regards to fabrication of numerous 
examples of metal oxides to practice appellants' claimed invention. 

Appellants disagree that they have only enabled compositions containing 
an alkaline earth element and a rare earth or Group NIB element to result in 
superconductive compounds which may in turn be utilized in the instantly 
claimed methods. This new ground for rejection necessitates the introduction of 
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new evidence to show why the examiners statement is incorrect. As noted 
above, there are numerous examples of high Tc superconductors made using 
the general principals of ceramic science as taught by appellants that existed 
prior to appellants' earliest filing date. Some of that data is in the affidavi t of 
Duncombe, the Poole book and the Rao article. 

In regards to the affidavits of Tsui, Dinger and Mitzi the examiner states 
"However, that additional indication also is considered to be a conclusory 
statement unsupported by particular evidence." To the extent t hat this statement 
is true the affidavits of Shaw and Duncombe, the book by Poole an the article by 
Rao provide particular evidence. In the answer even though these affidavits and 
the book by Poole have been considered, the examiner has not commented on 
this particular evidence and the examiner has not stated that this particular 
evidence does not support appellants' view that their claims are fully enabled. 

The examiner restates what is stated in the affidavits and comments: 

It is the examiner's maintained position that while general 
principles of ceramic fabrication were most certainly known prior to 
the filing date of the instant application, the utilization of such 
techniques to produce superconductive materials within the scope 
of the instant claims were not known. The affidavits are not 
effective to demonstrate enablement at the time the invention was 
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made. As stated in paper #66, page 8, one may now know of a 
material that superconducts at more than 26K, but the affidavits 
do not establish the existence of that knowledge on the filing date 
of the present application. 

The examiner states: " The affidavits are not effective to demonstrate 
enablement at the time of the invention was made". Appellants disagree that 
applicants five affidavits do not demonstrate enablement at the time the 
invention was made. The affidavits clearly state that the know ledge that existed 
prior to applicants filing date permitted a person of skill in the art to practi ce 
appellants' invention as claimed without undue experimentation. The examiner 
has presented no evidence to the contrary. 

It is not necessary for applicants to provide experimental evidence for all 
materials that come within the scope of applicants' claims. It is only necessary 
that a person of skill in the art can practice applicants' claimed inven tion without 
undue experimentation or without requiring ingenuity beyond that expected of a 
person of skill in the art. It is the examiner's burden to show that undue 
experimentation is required. The examiner has not done this. Also, that there 
may be specific metal oxides having high T c , which are not specifically identified 
in appellants' specification does not mean that appellants are not entitled to a 
claim generic to such a species where that species can be made without undue 
experimentation following appellants' teaching. In re Robins 166 USPQ 552, 
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555, CCPA 1970, Representative samples are not required by the statute and 
are not an end in themselves. The examiner has not shown that a person of skill 
in the art must exercise undue experimentation to make such a species. Thus 
the examiner has failed to meet his burden. 

The examiner concedes that "that while general principles of ceramic 
fabrication were most certainly known prior to the filing date of the instant 
application, the utilization of such techniques to produce superconductive 
materials within the scope of the instant claims were not known." The examiner 
has acknowledged that techniques to fabricate materials for use within the 
scope of applicants' claims were know prior to appellants' invention. Appellants 
agree that "the utilization of such techniques to produce superconductive 
materials within the scope of the instant claims were not known," since this was 
appellants' invention. If "the utilization of such techniques to produce 
superconductive materials within the scope of the instant claims" were known 
prior to applicants invention, applicants would not be the inventor. Prior to 
applicants discovery persons of skill in the art would not make metal oxides to 
use as a high T c superconductor since such use had to await appellants' 
discovery. Such fabrication techniques have been used to produce metal oxides 
for use for some other purpose. 

The affidavit of Leonard submitted December 15, 1998 shows that 5,689 
articles reference appellants' article. The examiner apparently wants to limit 
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appellants' claims to their specific embodiments when the record as a whole 
clearly shows that all known high Tc materials can be made according to 
appellants' teaching. If the appellants are limited, as the examiner would have 
them limited, they should not have revealed their discovery and instead spent 
the rest of their life, in secret, experimenting to generate these 5,689 
experimental efforts, according to their original teaching, so that they could get 
generic claims to their original discovery. 

For the reasons given above and in the brief appellants request the board 
to reverse the examiner's rejection of claims under 35 USC 1 12, first paragraph. 

35 USC 112, Second Paragraph Rejections 

With respect to the remaining claims rejected under 35 U.S.C. 112, 
second paragraph, the examiner has not rebutted appellant's remarks appearing 
at pages 102-1 13 of the Substitute Brief. In response to appellants' arguments 
that the terms "rare-earth like", " perovskite-like", "layer-type" and 
"perovskite-type" are definite, the examiner states "those arguments are not 
found to be persuasive," but the examiner gives no reasons for this view. 

At page 21 of the answer, the examiner comments in regard to the claims 
rejected under 35 UCS 1 12, second paragraph, the examiner states that "[n]ote 
the Examiner declines to comment on appellants remarks regarding the 
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after-final submissions which have not been entered or considered by the 
examiner." These unentered after final submissions provide evidence that the 
terminology "perokskite-like", perovskite-type", and "rare-earth-like" were 
understood by persons of skill in the art prior to appellants' filing date. This 
evidence is in addition to evidence previously submitted to show th at theres 
terms were well understood in the art. Thus this new evidence is not directed to 
any new issues but is additional evidence on the s ame issue. Prior to the Final 
Action the undersigned attorney requested the examiner to specify what 
information was needed to convince the examiner that these terms were well 
understood in the art. They examiner did not provide any guidance to 
appellants. Thus a trial and error approach was used to see if what was 
submitted was sufficient to convince the examiner. The examiner again in the 
Final Action indicated he was not convinced and appellants submitted additional 
evidence in the after final submissions. Some of the additional evidence is 
issued US patents having claims containing the identical terminology which the 
examiner finds indefinite. Other evidence is issued US patents using similar 
terminology in issued claims indicates that the use of such terminology in US 
patent claims is standard USPTO practice. 

The examiner states: 

Each patent application is considered on its own merits. In some 
contexts it may have been clear in the art to use the term "like", 
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such as when the "like" term is sufficiently defined. In the present 
case, however, the terms "rare-earth like" and " perovskite-like" are 
unclear. 

The examiner would not comment on the after final submissions 
which bring to the attention of the examiner standard patent office practice 
which the patent examiner should know. There are many issued patents 
having claims including terminology "-type", "-like" and similar combination 
terms. The examiner's refusal to give reasons for rejecting applicants' use of 
this terminology while there are many issued patents using this terminology in 
the claims is "arbitrary and capricious". The examiner must give reasons. It is 
not sufficient to say "Each patent application is considered on its own merits" 
without giving reasons as to what the merits are in the present application which 
render these terms indefinite while not indefinite in the claims of issued patents. 

Appellant's published their publication in Z. Phys. B - Condensed Matter 
64 (1986) 189-193 (Sept. 1986) which is incorporated by reference in the 
present specification at page 6, lines 7-10 . (This article is referred to here in as 
a appellants' article.) Appellants filed the first application in the lineage fo r the 
present application on May 22, 1987. To the extent that the terminology 
"perovskite-tpye", "perovskite-like", etc. were not know prior to applicants 
discovery, it was placed into the vernacular of persons of skill in the art in the 
approximately eight months between the publication of appellants' article the 
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earliest filing date of the present application . Appellants' article was published 
in a highly regarded physics journal. The referees for the article apparently 
understood what appellants meant by this terminology. The appellants were 
awarded a Nobel Prize based on this article. The Nobel committee apparently 
understood what appellants were referring to. Appellants' article at page 189, 
fourth line of the abstract, refers to "a perovskite-like mixed-valent copper 
compound"; at page 189, lines 14-15 of the right column, refers to 
"perovskite-type or related metallic oxides"; at page 192, line 12 of the left 
column, refers to "layer-like phases"; and the 8th line of the conclusion at page 
1 92 refers to "a metallic perovskite-type layer-like structure". As stated in the 
brief at pages 106-107 the book by Poole uses this terminology attributing it to 
applicants article. Chapter VI, Section D, of the Poole Book is entitled 
"Pervoskite-type Superconducting Structures" pp. 78-81 . It is thus clear that the 
objected to terminology is understood by persons of skill in the art as of the 
earliest filing date of the present application. Moreover, as shown in the brief 
102 issued United States Patents uses the terminology "pervoskite like", two of 
which use this term in the claims. It is thus accepted USPTO practice to accept 
this term as definite. Also, as shown in the brief there are many issued patents 
using combinations of "-type" and "-like" with claims. Thus it is accepted USPTO 
practice to accept such terminology as definite. 
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Moreover, in the brief at pages 7-20, appellants extensively discuss the 
terminology of the present application which incorporates by reference 
appellants' article. 

Moreover, the affidavits of Duncombe and Shaw refer to a number of 
articles and texts on the general principles of ceramic science. One of these 
texts is "Structures, Properties and Preparation of Peroskite-type Compounds", 
F. S. Galasso (1969). This book was published about eighteen years before 
appellants' filing date. A copy of the complete text of this book was provided 
with the affidavits. The examiner does not comment on why a person of skill in 
the art would not know what a perovskite-type compound was in view of this 
book and the teaching of applicants' article. 

At page 105 of the brief appellants note that in Attachment A of their 
response of December 1 1 , 1998, there are listed 68 United States Patents using 
the terminology "rare earth like" or rare earth and the like" and in Attachment B 
of this response there are listed 4 United States Patents with the term "rare earth 
like" or similar term in the claims. The examiner has not commented on why this 
term is not understood by a person of skill in the art in view of the use of this 
term in the specification and claims of issued United States Patents. In the brief 
appellants refer to numerous articles using the terminology "rare-earth-like" 
published before appellants filing date. The examiner has not commented on 
this. Appellants explain the meaning of "rare-earth-like" at page 7, lines 8-25, 
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"[a] rare earth-like element (sometimes termed a near rare earth element) is one 
whose properties make it essentially a rare earth element 

It is thus clear that the meaning of "perovskite-type", "perovskite-like" and 
"rare-earth-like" are apparent from applicants teaching and the prior art, and that 
it is accepted USPTO practice to use such terminology in the claims. The 
examiner has not commented on nor rebutted appellants arguments. The 
examiner has merely stated that there terms are indefinite without further 
comment. 

For reasons given above and in the brief, appellants request the Board to 
reverse the examiners rejection of claims under 35 USC 112, second paragraph. 

CONCLUSION 

In view of the argument herein and in the brief, Applicants request the 

Board: 

1 . reverse the determination that claims 24-26, 86-90, 96-1 35 
and 137-177 are not supported by the priority document; 

3. reverse the rejection of claims 24-26, 88-90, 96-1 02, 
109-113, 129-131, 134, 135, 139-142, 145, 149-151, 158, 159, 
164-166, 169-170 and 174-177 as not enabled under 35 USC 1 12, 
first paragraph; and 
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4. reverse the rejection of claimS$£§, 87, §6^08, 1 12, 1 13, 
117, 118, 122, 123, 127, 128 and 147 indefinite under 35 USC 112 
second paragraph. 




Please charge any fee necessary to enter this paper to deposit account 
09-0468. 




IBM CORPORATION 
Intellectual Property Law Dept. 
P.O. Box 218 

Yorktown Heights, New York 10598 



o 
o 

> 



O 

o 







cz 


m 


r" 


o 


ro 


m 




«< 


N> 


m 




a 



Application 08/303,561 



68 



/ 



Attachment A 



S.N. 08/303,561 



ATTACHMENT A 



£ =3 5 ~ 2f 5 g «| 





o ^ - 



e S3 g w 



2 




C (0 4) *■» 



c S b 



Oh O 

a 
o 
o 



§ ^ .s 1 ^ § s 




■a 

•g a .ts 'g > 8 £ > *2 5 3 
.2 * £ 3 a 3 -S 8 - ■ . 

52 h 9* o O cn 3 

'S — -52 .a m-. & 



8.3 lUs-sa^ g£ 

53 • - >, o .2 c e 
.2 3 IS tv- J5 -o -5 -a 



C 

■B - 

U3 



* gigging 

h >» tn 
CO ^ 

<l> > ^ .2 

* -5 .S £ 3 



6 1 S 

(J ^ 




15 « -'8,2.2 |5 

!!« a^'g J I B.SJS 

! '3 Q fi n !! §1 B 



4) S> 



o ^ 



3 g >» w S „ tS 5 

& o) 5 . « -a o -a t5 .s 

™ > rt 4) ft ^ 3 

rt « « rn <U O 



o ^ 'g ^ 
rv co +-> — < 



'53 § en ^ ft w 

Cf" 9* 3 53 « 
a) <v cn •«-< 



O g 60U rtio u 

> CO ^ rt <L) • — 



—1 « m O _i_> l, ^ 



o o tj 5 

+J vf5 rC Q CO 03 



cn 




„ CO TO 4> Oh OO 

* > « 73 .-g Q 8 
« 4} > ^ 



I ffl S,^ ^ 



C 

b 

D 

o 

CO 



'2^ .a § 

r 1 e ** « a B 

>— 43 t; 



§ P 



^ <u 2 

•fa CD *0 * 

O <D eft =3 ° 



rv <n 

. in .23 tuO^ 
g P - - r? O 1) 



3 - Si - * 5 



S S c 
tn ^ 



9 .1 



o 
y 
6 




v 



<N On VO 
' O *- «- <M 



to to 



3 
© 



03 




r- N IO ^ W 



w 
o 
< 



w 

H 



Q 

w 



4) y « 5 
3 On v 



6 S * 



eo +2 ^ .2 5 So 



s a -5 -g -a 



>»8 



"i W *-< 



0) 



o „, 
o 3 



to § 

<u «C f+ j« 



fa 



2iS 



•3 - j£» cy ctf £ 5To5 



6 

5 



3 ^ 



c 3 « s 

< « B +■> •«-» " 

£fc g w 



+* °* 0 rt c ~ — 

t/> cu a> X 53 

«-° "-2 



i 



0> ' 

08E 



2 

4) 



O 
4> 



§ p 

O V 

6 

o 

* £ 

S 5 




v c c 

'c *3 *H 

E ^ 
.saw 



c 

u o 

s $ 
■si 

-Si o 



~ i e 
° fc S ^ - 



o o 



ft 0) 
4> 

t-l +-» 

C/} 

.a o 
4> ci 



u If 

O H > 

II 8 

^ 1) S 

S o o 

8 ^ ^ 

4) <D 



c fl 3 




X 51 o $ 

8 8 2£ 




Pi 



o 




a, 

C 

d 

C 
O 

o 
u 

4> 

a, 



c 



O u 
, O •£« 

~ _. .a "2 



c 

4> 

§ 6 
•3 s 

§6*8 

S 4) Cj 



4J 

E 

4) 

•c 8 

(J 

4) .S3 
13 



ctJ 

'C 

D 4) 

> 6 



4> £ 

4J ti 

4> O C 

C C 4) nJ 4) 

""O 4> i 0) 4) 

If v 



^ .a p c o S q 




M 

x 



MM 



i 

i 



< 
X 




c 
.2 

"■+3 
o 

c 

3 

X 



O 



S3 3 

0) 



U 4) 

^ fa 

a 

O ui 



o o 



"S 

"3 
B 

1 

Sous) 

Jjrsr? 

.a 8,-s -a -a 



c 



0) 

> 

a § 



!5 



to 



£5 



w 4) o 



J » '-n 

3 ^ O 
£ 3 5 D 

O -* a) C 

lie J** 

&| °£ § § 

.-3 : o w ° 

5 Jill? 



o 
a 

C 

O 



O 



U Uh U 

3 O O 
M rt C C 

3 c « w 

I1 11 
fill-, 




X X N *o> j<i> 



to 



C/3 

& 

< 
fx* 

< 

< 

& 
P 
fn 



c 



.J* '3 £ O 

> T) 4J 

III &3 

oil 8 

S a Sf ^ 

S.cS si 

so 5,0 « 

10 2 § a 

a> 28 £ 'e <u 
8 So 5 l H 

a . 



at 



8 

§ c C 

°<3.2 

o 



£ 5 -c 



.ti u c w S c 3 
«3 -£S -2 S3 o t: 13 



ii .a -a t? a 

J-! S g G o 
4) Cm l~i d 




H d c rt'O^-M 



-M .Si 



d 2 



(p CO 



4) js -m^ bo > .2 
•S3 u « ' 



I V) H Z 



-T3 

bo <u 



d 

c 
t 

o _ 

C ° 



o cu o> >, u <u <u b£)T3 0) 

S £ 13 ^ c^-S 3 



J5 



3 

El o 



CD „ -xXl C jg 



1 o 5 

I 5* 3 .a 
8 ^ rt r s 



e 



bO 

.S 
to 
3 



«3 
to 

I 



•t? — to O 

«•§ «.S c 

o 2 3 O 



I 

s 

o 



8. 

D 

to 



£ S S 2 - 
6* c 
S L § 



+3 0) 



0) o 
to 'O 



£ 8 S 



_ > „ „ w 8 Is ^ x 

l«nhl 8a|.|]|j; 



u " O <J 

I ^ 

S So 



to 



^ 8 °*2 

jjiS 



o 
c 

> 



ON 



Ut rt) 



a; 




5 ^ c 



^ .5 ^ T3 

§ *g to ^ 
S ? « o 



o o X 

3 4> -A 



4> ^ 



CM ^ 

o\ to 



3 §28 



Sj S.1 E2 °.§ 

« *° a o a a, 

o — g 3 « 

u X O I-i 

O a> cj O O 



>> to 

III 

^- <D 



a c 
S 

_ > >» to « c 
- c o +; > .5 
E £ XI > bp o ^ 
o c -m ^ 

H y 2 C C 

S«o > = ^ § 
g S S3 
o 



■Mil 



8. 



tO <D £ 

d 4> « 73 

'o 
o 



■M U " jtoq to c 
. S 3 g,g» g § 

> w) w d **s o 



CO 

<u to 

£ -° 

a ° 

w CO 



^ S w in 

B d . 

+j *o s * 

o V CO 

c CO 

15 s ^ 



3 

I 

00 wf 
o* c 

S 5 ? 



5 xi 



2 g 



c 



to TJ 
^ C 
d 

£ S 
H t 



.a 6 § I 

rt u o > 

u O V C 

>-3 ^ € 

O 3 . 

> 
c 



2 'S 



o 

"5* 
< H 



H 



Q 
55 
O 
O 

D 
w 

O 
O 

w 
X 
H 

W 
H 



CM 



S ^ 
.2 



to 
C 



rt T3 
H a 

§ 

8, 

3 



3 H 



■ft. 

o 




■« » < 



P 
-a 



c 



OOOQ>OOQOQ 



»1 



oaoGfldoo> 



si 

o <v 



O 

cti 
X 



C 
(3 



c 
o 

X 



o 
to 

nj 



C 



o u 

X) pO 
3 3 



a 

P 3 
rt S o o 

^33 



« ,C 3 3 4) 
W « U O X 



rt rt rt ^2 

C (S c C 

o p o 

bo bo bo 

rt rt n) u 



H h U 



cti 
C 

o 

bo 

x pS 
£ 3 



c 
o 
bo 
rt 

a) 

T3 * 
S O S 

2, -° 

bO e 

x 2 



3 4 



o u o 

3 3 

3 3 3 

U U U 



O 

IS 

£ 
o 



o W ««« 0 « «««««««« « o s « « w « 



Co v 



WWW 
6 Tf 



ON — |^ 



<n \o r- 
d io to *t 



O CM 

d tj 1 



^ N t CO 

fN ^ ^ d 



o S 

C 9 



W N (O O ^" O r- 
^ N N W K) Tf Tt 



M 

H > 



S .2 



.2 £ ■ ed 

o n x <3 5 p J 



^3 
S t 

'■a ^ 

i s 



O J3 



3 S 



_ 8 

2 a 

o a 

'I 

3^ 



« J3 bo 



5 « S.2 5.5 f 



-3 A ^ 

8. S3 



•c 

a, 

x 

CD 



a> 



•5 5 i 



>» o 
& B 



.J2 5 .> S ^ 

a> u o ."ti TD 

y O ^ ci 

C [£ > C <u 

rt " > <u -m 

•+-> CO <u - 

3 ^ Cm 
° *2 d « D «T 
w c o ^ d £ 

S O G 

8 ^ .2 



bo 



cu t3 
- > « 




bp 8 1 '5 -H © 



s 3 all Mi 

£ _ <u c OT - 



^ S « 8 B - 

Q *C <4h> *— a 

e fi « 8 
^ c « 5 

£ g-s &S 





^0 H 



A 
O 



o 
w 
X 
H 

I 

H 




^ s 2 6 £ w < 



<3 



WW*- *r 

s .c ^ .c 
_ e o ^ 



rt no 

§ 5 

E 

■c 



e « ^ i • s r II 7 



c 

-£2 .2 



a&g^ « o o 

u o 4> f> C +j 

■?5 -M , 



lo 



£np<u^ c 5 to o o 



§ 



«3 >>g.2. 



m o s to <y .i-i o 



cd 



rfi 



„ I 2 

C £ o 
ft> <d s 3 



5 i; o 

S 5 s| 



>>T3 CJ to >> 

^ (1) fl ^ -u 

o 5 M ^ c 
c ^. ^ 



s!3 



c o 

d S> « 

to +■* 



rt g c D 

3 to 

C to <u 

O C ft _ 



° o u J c d 

% *^ to - 



9t *Q S w 



5- 




5 .§ e l 6>, 

cn ri J> 

^ m x .a 




g tJ % £ — 
8 Di2 § g 

1 §Jj; § 

3 ^ C S 



3 



C ^ CO V .~ 03 

'TP, fc - a3 ^ 



O -C o cy £ 
ft?} c 

5 « rt y ti 



llf .8:1 

00 ^ 
CD ^ 



-M .fa 

■5 s > 

3 g> 



■8 



g|s2 

•rl ^ _ 



3 a s g ji ^ 

'Tj Q£> X . co 

SJ -a .3 ~ 



oj C 3 

CO <L> 



§6 g 73 



g-S^-BS^i « g E g g 




W K X 



m 
H 
O 
< 

< 
H 

« 
fa 




►^tJ +5 



H 



41 I I 



1.8 

o — 

■§ § 
§ £ 

&§• 

CO a> 

- i 

«- o 



* 2 

g 2 

J3 O 
H 



■H * 



^ 6 
- rt © 
•S -H ^ 
>> 

* s 

o 

O 

o 



3 

ft 
3 



bo 



C <* 




* q « £ cu 

5 2 3 * 




O Jo 




tJ <■> 



vw t/l w ;H j, J3 jt> kW 



-5! 



3 

3 



a 



<J 

'P 
Q 

O 

ft 
D 

U~l 

O 

o 
w 

K 
H 

W 

X 

H 



to 

2 

s 

o 

CD 



•f 

CO 



t: 
p 

CO 
0) 



8 

u 
P 

2 



^ §.2 

a 43 C 

iH O 4) <l) 

c § § -a 

» U O) l-t hs 

^•^ g 
^§^g 

y J .S3 ^ 
^ x c 

« M c i2 
.li rt S « 

o o 3 




, . , , , & 



« i.- 8 s « 



-*-» •<-• 

o o ^ 

-■2 g 2 * > 

B -w rt j; 4> 



Oj CO 



u C u eu 9< 

§ •,§*• 

e ° t S. 



U. CO 

O *C O 

CJ -*-» v»-< 

o cu rt £ 

a 5 ^ 



s > y 3 



§ 6 

2 S-S 



s ° 



> £ cu C 



O S 

bo*" 
•+-4 X3 



0> ■+■■ TJ Eh S ^ 

C 1» 'S O 4) 3 5 



to jC 

0 a S S x 



O t3 



cu 



TJ 

o <u o> 

•3 5 5 



s c 

co j3 



g * s | » s « 



P <U 



b 

p CO 

p « 



at 
C 



o Cu 
il •- 

a: £ 



.S3 ^ 



C yj Jg g O > 



CU U 



cr 

cu 

































r 











73 2 «> 



" ^ ft 
ft 



cu cu 
u p 

— C p 

. p to 

.2 -3 ° ^ 

P 0) o ^ ^ 

cr > £ u > 

4) 0»C O rt J m 

6-M *o 



P g o 

* -2 5 



2 s.r i i § 



oo 
§ - 

s * 



3 ^ 




T * 5 

tu> 0) (3 V 



^ScurtC ^c 5-2T3Z P ti^ 

i -a s 1 £ - 1.§ -g f -d « 




^ fr! 



rt ^ <m tJ t1 



(J) 
X 

o 

H 

O 

Q 

O 
U 

w 

t/) 

-J 

U3 

K 



u 



A a) c (/> </» v aj 

g-s -g E g,2 



3— v **-» g 




u cd 
.3. & -d 



E „ § S .e .S >> 



d <u 2 d -o't3 



O ^ g 

o g > o § 



e rd to 

O to cd 
t-t *<-< u 



0) 



3 



ss 8 



.5,5 




!"lli||3 8 

+■> S j3 a> m-i o 5 S 




- ^ '5 ~ d ■§ 1 5P 



5 -5 -K 



"g s " g 

d c to u 



d _ 

p 



•a a*e 



2> ^ « S 
£ g 

o o s .ss ~ 

« ^ ^ *n *o 

d 0 

e -2 6> * § 

« S 




0) 
d 

^1 8 s - bas 

B o .a * - C 5 - 

*5 ^ n 5 3 t v 



S EfsH 5 g <a 

<V ~* rr* O Oj -d - ^ 

>^ T3 JS (fl „ Q. 



C ,C •§ rf3 -C 43 




Q 

o 

D 

b 
C 



O 

w 

X 
H 



+■» d d c *2 

^ § -2 § -2 

J3 P o co a) 

.a ™ 

d 3 04 

<u o 
a, > 

3 ^3 
4) "3 53 en -m 

2 S - § ^ 

^ S-S d o 

rt ■ ■ ■ ■ rt 

a S to 

te rt rt s g 
a "1-1 a g 

o *J to 

- h 2 «S 2 
w .2 

o d§ c 

^ .. u "° »* 
^ .S3 » -O M 

> -H ^ d 4> 



g .2 - s g rt © 

u +j 4j o w ^ 

d <-> S d ^ 

o> -d rt ^ -!s *j 



C d 



■5 



•J >>E " x 

.2 > 73 ^ -m 

§ .a 2 § 8 8 



g 'ftj Si > 

■ £ jv +^ 
" * ° ^ * 

jf^a I ."2 



73 c c 

2 o <u 

R co 5 

S to ? 

d o « 

CO 

d 

T3 O 



d « 



S 2 rt t?T 

8.8, 1 -a 

? g: 2 



« rt ^ *! ^ 

O 



O g d cp 

— • <t> to r3 ^ ^ F 



OTD y 



w ^ £ ^ « (5 ^ •» s () OT 



o 

• r| 0) <u 



|^g« 



00 




s p *^ 

•"tSv h i "ti " ^ s n; u 



[1.5 



■ d 

to 

8 



O ft flj 

c II £5 

HH CO 



•5 

c • 

2 : 



. CO 

o ^ 

d o> 
id 5: 

S co " ; 
•a ts a ^ ( 
g.g'3 ^ 

H *5 

g 

- "1 8 
.s - . § 

^ r o 

O d to 
v ^ cd 

•a tl JL S 



S! 



to 
as 
m 



o a, 

- s s 

2 .s s 

« O "S 



bo 
c 



s X X 

« c) a> 
•O 13 »0 



^ £s >' 



<-5 




— - It 

£ 3 - S -S - 

Sf .89 sr a 



- 0> ii o 4> 

™ O *> g 



.2 8 



£ N 

J d 

a 
■ rt 

a 3 



a * 

J8 



J2 



in 

O 

P 
< 
D 

a 
< 

H 

£ 

Q 

5r. 



-r 




8-8 

I* $2 1/5 " 

° . >> * > 
>> 2 S * o 
1 ssi c 

5P© E p > 
.5 c '~ P 13 

S» 8^ § 

4) (/I 

! * 2 J £ 

o -*-• > 

.S3 E 7 2 > 

OK)** 

CD U 



'P « 
• ?3 P -H» 




— ! « 



6? 

rt 

O 

<U 

o 
rt 
ex 



(A (A 4) _d 

=s e S3 * 

M ° II .S 

. « 11 8 

4> P ^ — . 

§ ~ e 
.2 5 § 2 

£ o ^ -g 

O .2 ;P 

ii < 11 «" ffl 

* *•§ s 

w I 
a w s 

3 -S ^ .2 

=3 a> rt 



u g 

5 8 
8.s 



3 



o JJ - a" 

£ rt g w 

1=3 6 . 

3 £ .a 3 « 

w O o ti fi 

^ 5 ^11 p 

cl £5 tuO C W 



+ 



t; o .a. 

Z'S g 

c a p 

a; i u 

p 2:* a. 

o a> P 

a> £ * 



P 



ii 



p 



> 
^3 



O g 

4) re 



s g 

-4-» i 

£ o 

O -M 



+ 
II 



+ 



0) i/) 
3d.. 73 

-£3 p ? — ■ 

w D r 
t a) 

. tfi <u 

1 « e •*-» 



c 
o 
a 

CO 



^•5 



65 
8 '5 



CD 

£ 
p 

a> 



'C 

bjO 
C 
> <-< 

C 

o 
a, 

CO 

E 

8 

<U 

c 

TO 

e 

p* 

° § 

o g 

o 
c3 

a) .ti 
a g 

4> • — 



> 



O 

!l 



+ 



0) 




o S S £ 
c 




i; « ^ (j 

o ft <u S 

% e 

rt TO 

^5 cn O 



4= ^= 



o oil S-c 

^1 a?« 

r- P i; +J 1— « TO 

•P cr 1? c c 

^ CO <D 

- - — 1 o 



c 

o 

« > T5 

co • (J P 

5 o 

C £ <y C 

S cd 

© C! 

C -M <U .£ 



rf <u a. b 



rt "5 



.r'S-3 



V— 1 . ^ -X 



TO* 

B O % & C 

■ 3 8 5 «! g 

d .ffi ^ p 

.p o o 

.s « 2 S 

£ £ o 1 Q 

cn 

O ^ 



to ' ■ 



E - * 



+-» 



H 
U 
O 
Q 

O 

3 

* W 
Cu 

& 

CO 

O 

O 
H 



i) 3 *5 b-*-»e ?j p 

•asoc 5 2|p« 



O o> 
C 



rt 



o •£ 

■ri 

o 
c 



p o 
C ? 53 

a ^ 'o 



p 

o 

S - 

^ ^ " .£ 

S rt <y 

rt rt £ £ ^ 



o X 



w p rt 

Q O 



=3 



rt W)2 • 

** - s 2 § 




42 



^» . v w 3 

» ^ w '5 v O » « w a «• 



|2.S _ 



• — 'o ««! 




O P 



o2 d a; -3 £ a .5 

ip «+j «C5-P 
K rt « 

.£ 3 ^ o c £ 



O 



© 

© 



00 
© 

S3 
© 

s 

e 



Ert £ 



rt 



— P 

a « J 2 «s h § ^ 

2 ^ 5 8 b oj u 
> 5 <p ^ ^ t: 0 

« cx^ -g Sua 
o 



JL > 52 <u 
*© 



ua 0) 

o 



<v 



^ x < o rt 

0) ^ ^ ^ c w u ^ 

p 



o .a 5 

> 



Sf? u: t3 

o C 

4) O O 
P rfS W 



P ^ '-5 <t> P £ 
lu ft. n •ri v 



a A « i a -8 .£ -a 




1 1-3.1 8-N 



e 
g 

P 
U 

0) 



tfi 0) o **-» o> 



o ^ S ^ 

0 P C C3 

lit* c 

rt ^ .£ £ t3 
t» t2 ^ ** 3 

g 0 rt£ 



0) 



tj ^ ^ 
P S r a 

C Ph . . U3 

5 cw 2^ 
w SpW p g 

slllf 

o ^ > +3 c 
0 £ c 



<D O 



ess 

T) 0> -M .5 -g 

h o c .a o +3 



00 

to 

00 



-o ■ - 

*+J 2 & 

3 On 

13 W r- 

C <N ' 

8 N 

g •« in 

&4 ^ ~ 

CO O Ol 

s ^ 

13 »o . 
> « \ 

o « c; 

c ^ 

f "SI 
£££ 

8 J{? 

p JS 

a o ^ 
o 3 ce 

•O rt* 

a J 

s > r 

Pi S n . 



S2 >^ 
> to 




I 

to 



c 2 

<u 3 

H cr 

4> o> 
Oh Ih 

3 2 



CO v 

G g 
G 

2 a) 

8-2 



4> «a 



rt 



4> 



a> rt ^ 



4) 



4) _ 

■+■* .G 
no 



2 3 S «> .c -c « 

-c G be to - 
H 52 




if? £ ^ ^ — 

•r-l tO ^ 4> 

■i: o H c 



«-» HH £J 

3 £ 

° - 1: -5 tj 

c h-» +j a .g 
I "S a -5 ~ 

o © 

O 1> 3 O 

-a U ? CO 

•G w c 

5 « 2 <y - 6 
ft £ >^> 



!l 



0) 



o 
4> 

o c 



• 9 S8 5 

1 § s| 

+3 +i to « 



2 



S 

3.5 



jj * 3 a © 
^ +j o c "2 

+2 bO 3 P 




- to 
X rt 
.£ G 



0) 

o.2 



T3 t! 

§ m 

.S s-t 

(O 



i! 

^ to 



§'-3 



•2 I 
^- ^ 8 

ro to &t C 

•s ° S 

1 i J 



4) 
> 

to ^ 



.52 



to 

ct> 

s 

o 



13 ^ 



c 

-«~> 
to 
C 

o 
u 



51 



to 



T3 t3 

ti <« 

0) ^ 

c ^ 
O J- Q ^ C 

a §:i e 

CU tO M CO 

O > « o to 



a; 



8 8S 

gj-8 



d s :-2 



■■sll 

to U 
13 4) 



c 

8 



^ x: ^ *^ x 

^ +J 73 to <d 

S 2 oj 

, ? Aw <u 

8 8 U S 

S <2 S 



J 2 

0) <u 



C at 



m 



.2 S 



5J 45 4 



5 

Q 

O 
U 
« 

P 

en 

O 

o 
w 

H 
W 
X 
H 




0) 



' tn ^ ^_ 



C 

aj 



0) <o (J * M 

s « a 

cu 2 



o 42 



Sow 
2 r -3 <l> 



.S3 T3 c O 

° t5 s s 

O >M 



i 



1 



^ Cu 

to 

1 vo e 



G rt to o 

■i-a § 

tO X) 

S o> « 

wfl 3 ft 

OTJ u w 

to to a) ^3 

aj > 
s « o rt 

- °-S § 

til i & rt 



u o 
o .P 

0) 



to X 



•i 

c 

0) 



°13 > Q 'H 



« ™ 8- § 

^ a ^ 



to 



a 

u 
3 



3 

to 

0) 



to 03 



0> 

4) C 
,C u O 

<v ^ ~ ~ 

4) CJ t-4 

a 3 O H OS 

<V ^ d > 

o ►> bo h _ 

£ 

S JS S o E 
IT ^ S 

« A >> 4) 

^ rC -M ^ 

-d o ,<2 &p o 

C *+3 o b w) 

^ s a u 5 

^ IT ^ ^ 4) 

>;.! ° g 

-S 



4> 



B S 4> « 0,2 



4) 



c 
.2 

4) ■ 



c 

4> 



4) 



II jn 
o rt 

o 

a 

u 

Ui 

o 



O 



X 



4) '^i C C >— ' 

53 53 65 > 



.§ 

to 

O l-H 

^ > 



o c 

II 



X 



3 3 

rt rt 
u u 

4> 4) 

o. a. 
6 E 

4> 4> 

o .-5 
o s 

J* 

c 

rt o 

to Oh 
3 Oh 

8 03 

G ? 
O 

E 



S3 



^13 

rt c 

9 

^ 4) 
O 42 

to $ 

* S 

O W 
<-> G 

< ^ 
rt 



3 



**H 

0) 

HJ 0) 



t/t o 
u 

i »' 

II 
0 



w rt 

5 1 

« ° 

•a * 

6 a 

3' S 

* .2 



8" 



H || 
d *> 

r c 

4) ^ 
II - 

^ - 

J § H 

1 1 8 1 

ii i-i ^ 



rt 



rt 

JO) 

>> 



lH 

C 

rt 



- 1 

s i 



S & « 

o 



bo 
c 

c 
rt 



*0 tH 



CO 

O 
H 

P 

a 
w 

< 

W 
P 




I 

to 



'■ij 

pa 



X 



15 



to O 

<y 43 

i* 

V C 
43 cd 



> ^ 

cd . 
43 to 

.$* 

^ o 

cn 42 
+-» -+-* 
C _ 

c c 

cd 



*4 

X 



p 

o 



C 



<U 
bO 

c 

cd 

43 

y 
c 
p 



S3 *2 



rS cd <=i 



6 3 
8 o 

u I FS 

II 



W 43 C5 ! 

1 * 5 

u to 

d E >> 

c £ ^ 

2 ^ ^ 

to ^ y 

~ O <1> 

o> 43 u 



o 
cu to 
u § 

<L> t-i 

> +-» 

© 4) 
bp£ 

o s 

> a 

^ 6 

,pJ to 

to • 
C cd 

•S 2 



""5 



C5 



O cd 

- 8.s 
as- 

_ a) o 

oi «j £ i 

~ 

P art; 8 
> s> o w 

o rt E43 
.S3 !fi - 

s ; 

a) c ^ 

^ 3 O I-, 

1 c 

° S B g 
^ S w S 

cd 43 

2»l 



U|l 

Sot:*: 
■S.JS rt -S 

0 rfH 0) 

^ 7l <H J 

■3 0, 2 * 

1 s g x 

O _r5 w aj 
^ £ O ^ 
T3 K C rt 

C > C 
D 4J t/1 4) 

e fi 2E 

T3 i2 

s.a 

* * &l 

§ rt 4= E 



33 o o 



CO 



IO 



X 



9 




H 
U 
P 

o 
o 

p 

CD 

O 
>* 

O 
UJ 

X 
H 

UJ 
K 
H 



S c ea .a «. 



43 43 



y u ^ 

43 <S f? v 



43 



s — < .5 <-> 



(/J *c3 

cd P 



C 3 



So « ^ ° 
ed <u <u 
X X 43 
43 a) S rt ^ 
»- _ ^ 

g « aj o 



33 43 — 
cd ■*-» cd 



u 

«^ ■ 

jj> CO 

cj cd 



* E bo ft o 
w 2 « S v 
— . C £ 43 

•3 3 » B H 

.5 -o £ .2 • — 

o cj c pj 



a) cd 



cd o 
us c 



E 



0) 



^ § * ^ u <u S3 



3-3 ^ 

43 = "fi, 



| ° 2 . ^ 

•S £ ^ S 5 3 5 

u . w ^! a> en 

u o <u o cd a» 



C C S 43 4= 
§ -g +- 

§ O (3 .ti 
d rt cj 

tuC ; o ■*-» 

I ^ 8 

<2 c S 
S"s Si « c 

9< So «> t; J= 

•S>£f . 

.3"° ^ e-- 

«, - s x ^ I 

O E crj= S 

d tuO ^ « 

3> >>.S 3 >, 
CT42 « £ 4V 
4) 3 C 

cd > c u *J en 

b '& rt J ^ 2 

IS s 43 % E 
cr^ a> cd « 



O bO— <U to cy en 

T3 +j .E ? is o ° ^ r 

D C d) ^ » HH W w 

^ U 9^ HI 



CO 



4J ,h ^ 



— u — 

^3 oj 4) cd — - C 
^43^ ^« cd 



a> 



>, 4) <*■• 43 U 

u u o +^ P3 
O a> cd 

<D 43 <l> co -m 

43 > 3 S « 

4-» > ^cd 5 .E 

-j to u +3 

^ d) 3 • H u 

q So no ,0 



to : 

3> ' 

0 ^ 

1 " 
C 

o 



• now 
to *ii o 43 

D J 0) 
t0 t_i 



i. 

a, 
o 



a s 



.CO 'd IL <l) r> 

cd ^ 43 5 « 



O 



3 « ^ 13 ^4^ ^ 

^ts rt s a « S^-h 

0)Cd fc to q u Srt o 1 



10 
I 

to 



0) 

_< to 
cd C 



1% 

cd 



o * 



^Pc^cd^cdg kcJci ^ 



+ 



o.S 
« o 



5 ij-o E« So c 

5 1 s I "a | 8 

X 2 to^5 c C o 5 rt 
° P 33 * 



.13 42 P 



n^l^i S Si's 



u 

: cd 

c P 

bp cj 



0) 
> 

cd 
43 



c 

0) 
4) 

SP 

cd 

43 
O 

<u 

CJ 

cd 
u 

p 

to 
cd 
C 
o> 

43 



I 

K3 



r« 4> tO 
M CIO C 

rt u £ 



+ 



cr 



bo 
c 



o 
o 



E 
c7) 




« v - « S 

O P3 C 

^ O 4> 4> 4) 

8*15 5 |£ 

■w K -S " 

<£> _Q g *3 cd 



0> 43 

H N rt o 



SO 



tl 

£ .8 



w 



< 
x 



cd v 4) 

IS* 




> 

H 
> 

13 

D 
Q 

O 
'O 
X 

& 

D 

(S) 

fa 
O 

o. 
w 

X 
H 

W 
X 
H 




u 3 

C O 

^ o 0 

|>§ a 



^ o to 



1 

o 

X 
00 

X 



t**; 2 ^7 52 aiR 



a,; 



'Is '1' § c s 

g t5 •*» t, o 



ST 



c 
a> 

o 
1-) 



S c ~ 5 
S5£ g 



X 



« # 35 3 - © ft 



1 

to 



to 



X 



<D 

c 

■H 

O 

3 



<f> ?; 



5 I k 



8 



3 



to 



N 

X o 

S 3 

U c 

a> at 

- I I. 

r— C a* 




CD -M 



0) 

.3 
.n 

6 

O -M 

o cd 
o 



oo cd 



oo 
I 



6 1 3 3 5 -S 

I 8.1! o>."o' -n 



d w o 



4> 4) 




O 
O 

o 



*o in 

V fH 

o *? 



8 ' 

.-fl w 3 d o 



- in 

M 
S 



3.S S & 



0) 



fll * CD +J 

3 2 *** - 

■d ' <w a) cy 

cd -£ u 2 ^ 0 



*-ijliJ*l4ll 



8 ^ 

S c 
I 2 

X (A 



+. 

09 

w 

CO 



< cd 

§ 8 
* -S 8 

.9*8 

to to 
'A * 



cd <u c 



s5 

(L) 




A ' 1 M ^ CD O 

s *3JS* rt 8"§ g 

_ 'O M-i ^ o »-« o 



~ § 8 § 8 -is 03 

fi x: o> *c 5 -si ^ 



- X « c 



>• 
H 

> 

H 
O 
P 

o 
o 

W 

Cm 

D 
O 

o 
w 
X 
H 

W 
K 
H 



O 



g S _g °q. S _g .a ° 
Jus n ^ ■§ -s ii 

o 



CD 



- 8 s * 3 e s >: 
^ ^ a sl^^ s 



-*-» c/l i CD CD +j 
c/) 

CP 

to 

q'j: 5 ^ 03 CD 

>» o « P 8 



-2 

rt c w S 



C/) 

CD „ 



cd 



O ^ T3 

o <u C 



CD 



CD 



C w o C S J3t3 r3 rn 

8 p £ . 



0) 

a2 



5" 



i <S CD 



3 

Oh 



i-. o > j- 73 25 
rt >> 43 ^ 



£l cd 



bo 



O C « 55 C 

0 43 'B a S 
j a^^ d-S x ^ 



O -4— > £ O £ - 



O (J 
CD CD 



CD 

. c 
a> T3 

CD CD 
CO 



aj O 



o 
u 



"3 e .2 .55 -O a> 
% g v ^ 2 " 

bf-2 



C CD 
^ CD ^ 
£ 



4 tn 

' § 
!'-g 



3 .S ^ -g S -5 £ 5 



4) *3 



cd 



2 3 a> 
<d -O *2 -G 



d* *~ ' 




_ bo 

=3 CD . 



U 73 



W .S-S' > to7;CT , Ucu 4 ) 0 to_2.eo«*^cd 

~ HI 3 3 .lil-i s s 3 



B S 8 a o ^ g 



5 5 3 Jo 
O *0 to q, o cd 



CD 



O 



53 O cd 

^ 3 h.A 



SI .£ % £ .5 



cd *~ 
O 



«5 



c 
o 



CD 



cd 



_ clcd 

2 « § £ 

|£ 5 £ £ -o ja „ 

-O ** S cd <u 

c 

aj 



- • S3 8 
u.c B.2 o S 

-r.*^j - 8 



a) 



D O CD 



CD >» 



C 

qj CJ cd 

2 3 I --• w e " 



S -O ™ h" 5 

§ © o 5 g « g> §D g « > 



ffi-2.2 E? S 2 ^ 2 ^ 



-a o 
o ° 

4-* CD 
CO 

t- CD 
CD J- 

no ■*-> 
O 



S.S^^ if y s fl 5 

>^ U ^ 4) m ^ 5^ v o o o 

, fecotS-C^feC^ ^ CD 

- i-i O ••-« cOjt, ? n t/) +j »— < — r - co 



w £ c *6 c 

rt cd cd C C 



^ 5 
o c 



a? ? cd a) 



ax-cog "-S^ % o 2 ? 
- cu u cd c <x^'Scd3i25'S5'S 



a! 

X 
U 



CO ^ 
CD O w 



X 
> 



u 



3 



o 

< 
p 
o* 
w 

in 
PS 

w 

pa 
o 
w 
h-) 
w 

H 

w 
as 

H 



3 

to 

u 

x: 
H 



2 * 



§ 

w 



c 

XI 

o 



8. a 



+ 



u 

II 
I 



*1 

rt ^ 
i— T H 

cr 

O 

en S 
8 Si 



0) 



- 6 
3 

w Is 



no 



C 

3 , C 

x? o 

J, 1 O 

5 e w 



+3 +3 

0) 0> (D 

> XJ -C 

f> +J -H 




+5 O 



=3 ^ 



.0) 
> 

•a 



cr 

c 

'51 



p 



0) 

e 
o 

en 
C 

o 

*■£ 

rt 
D 

cr 
<v 

o 



in 



cr 

<v 

c 
'>» 
"a, 

-4-» 

£ 

X 

u 

<u 
Xi 



4) 

x: 
-*-» 

c 
O 



he 
C 



3 



X) 



g 
& 

c 
o 



.1 ^ 

en rt 

o 



o w 

ri 



2 

4> 

ii 5 o 



0) 



c x: 
o +■» 

a x: 



IT* 



S S 3 i S 



2 s 

^1 



cr »*h 

<f> XS 



a ° 2 

0) MM 7> 

^ o 2 

X2 

2 8,8 
§ S g 

hS8 



•S £ 

•S5 S 

-4—* 

>> 'O o 

1 § 6 

7< <n X« 

c 2JB 

2 '% « 
1 42 8 



I 



>i 

H 

E 

Q 
Z 
O 
U 

Oh 

& 
W 

Ch 
O 

>* 

o 

Ex) 

B 

W 

& 




-5 w tn , 

la! 




- » § "3 * I g 



•9 "2 



1 




G 

o 



u 

X 

X2 



hi 
-In 



O 



in 



u 



4> 



° '-8 a c 11 



rt E 

- 0) 



8 S e 



„ C S 



31* 



S3^» ^ -5 hJ 



^rt&o-^^SJ 

1 • 9 « 8 -B * 
1 S i 8 ^ 



X? ^ rt ' J W 

^g^^l^xi 
fill g/8 8* 



CM 

I 

CM 

> 



x^ ' 

X 



0 

5 



c 

4) 



+ 

a, 

+ 

to 



rt C 



CO 

J 
W 



H 

C/3 



W> O u bo-* 5 3 & 



C XJ 

rt to w ' 

3 S . ° 
X» -*-> o 

O rt <U 



* § g I 

X — " 



x> 



0) # > 

bo 5 cr 



cl S # a) jfl 



1/) >u O H 



rt > 



in 



rt M . g g 

wi — ft* : ' 

43 .Si 2 xi S 

u - -a -53 o 



.8 li^ 

XJ 3 p 
C ™ ~ 'O 



•a. S3 



2 3S^§* 



8 §^ 

s| § 

s c 



8 * 

O 4J <U 



15 :s «5 *■ 
■S « - - : 

'I 

o g 



P <u 43 

rt ^ 4-» tijo 

o c <u 2 

<-» S3 2 



2£ 



3 g 

3 t 



o> 52 w -S 
£ « a a> ^ 



8' 
O 0 .2 

d g o 

cfl t/) O 



o 2 — 
^ X 7 i 

^ E • ^ 

oj v c 

O w 

^ g - tS ^ 

- rt 3 >> 
C u (X 

3 b s * *" 

s -2 | e <u 
§ 8*2 



? .S 
— ' S 
X) 

c 



XJ 

c 
o 
u 

0) 

a 

S3 



W V <L) 



X 



s 

'o 

> 



> 
o 

to 

I 



bo S 

.s ^ 

a> s 




D 
w 

o 

* 
o 
w 

H 



s 

I- 



XJ 
C 



^ 1 



o 



o 

XJ . 

e is 
-a & 

S 

O 0) 

rt -~ 

«.| 

<u > 



9 



C 
rt 

u 
o 

o 

4) 



c 
rt 



0) 



II g 

* I 

8 



C 

0J 

0) 

u 

Oh 

OJ 



XI 



00 



C 
3 



6 

^> 

CO 



S o 



II € 



bo 

.s 

o 

o 
o 



OSS 

w 



X 
u 



e 

% 

O 

i 

GO 



^ rt > > ^ o 
11 o 5 « .S S ^ 

» « a rtf-^ 



rt bo 1> 
C U3 

e 2 ~ 



> M 




a *g £ tJ 



a -a 

Q 



1 e 8" a 

S 8 

•8 8»1 

^ « a 42 





q o a c a) S 5 



^ _, 43 a> 

<u C & 
43 rt t C bo 

^ ^ Si! 

4^ 4= O O 

XJ <j C 




cr 

8 

"rt 

0 
43 



+3 43 
bo fl « 

II it 



Q 
J 
W 



< 

O 

H 
< 
H 



42 2 o £ 
42 co u C 



t! 5 J >> "o <u 
£ o 8 s 



1.8 

o S 




£ 4) 2 e rt y g 



2 <u 



0) 

> 



° 8 M 



o 

U <L) 



'8 

J2 t/> 




fc ^ S ? *j 



c 

£ 

o 
42 



X **2 



3 

5 4J 
P 42 



cd 



£ 8 
5 8 



>>52 

•5*2 - ~ 

S c ° 

U M 42 



u <u 3 

9-2 § u _ 

.2 « 



0) 

3 



C 

a) 



co 
C 

CD 

a; 
H 



3 aJ - <U 43 .S3 5 *E 
U S H ID v ^ O ? 0) 




I 



cr 



cd 

CO 

O 



CD 

e 



*8 



£2 r 



O 

00 < 



A CO »1— 

° -* to co 

v O v v 
^ 2 

*ti <y a) <u 

* I ^.^ 

. tD TJ <C r 
<u o -5 



o re w .2 

^ 'P s ' s 




o o > O -m 



c 
o 




" 5 ^ ^ N ° 

.S 8 ll 

C c e n cr* 

i X <u 

p - s w - 

<u -xi ^ *i 1 

- S II »ij *H 
^ ^ .a 



i 



C 
o 



•-• - 
<u a; 

p € 



o 



« 8-1 



1 



P 

a> C 

o no 

o § c S 

P -H g O _ y 

5 Ji * & 8 



o 



c 

'55 



42 

c 



c XT 
fc I 

5 II 



I I 



w 



e 

o 



in 

I 



42 O no 



H 

> 

l-H 

Q 
O 

a 

D 

o 

« 
o 
w 

X 
H 

H 



VO 



^ H 
I 13 

^ 42 



2 



CO -M Crt 

8 « e 



CO g 



" TJ *^ CO 



I 



v 42 i oj «S 

3 JH £ * £ 42 



c 

0) 

0) J2 



53 5 § 5 

^ .5 42 % 



CD 73 

n . L, i/i n 



^ Si 

CO 



O W ° 4) 

+-» — 42 

^ s § 13 § -5 

8 « 6 " 

O. C 



s 



6 3 



CJ /i \ fit *\ «m C _i 



0) 0) 
42 



iri H 42 

2 \ C t)^ C 4) C 



^ 0 C in 



s g s 




00 



. <u t -m 

■§•8 S,^^ , 

^ 'TJ ^ v5 C2 
42 O 43 T r 

|-° ^ 



0J 



U •'-« 

„. 42 

42 ^ 

rrl to 



I 



I 



0) 42 g 

N S 42 
« cd 5 

_ 42 C 

= .E 2 

O 

*r3 o 
° u -C 
ii « 

11 -M * 
> ^ 

co ^ 
<u 'a 
(A r. in 

III 



ii c 
x o 

cr 



I 

o 

as 

u 



II 6 
9 o 



o 
o 
o 

CO 



i 

to 



o 
T 

K5 



I 

O 



I 



.47 u 

II Ss 



3 

(A 

o 

u 

J 

c 



ON 



t/) 

Q 
W 



o 

< 
H 

C/5 




H 



H 

D 
Q 

O 

w 

CO 

U< 
O 

>* 

o 
w 
x 

H 

U 
X 
H 



00 



0 

CO 

-H 



o 

3 
G 

c 
o 



7 



IS * 
e 

.2 « 

18 

S w 
£.2 



I 



o 
o 



+ 

ft: 



.5 

CO 

+ 

S 

CO 

8 



43 



8 



7 



+ 

ft! 



1 




ftj 




+ 

H- 


42 

to 




O 

o 

CM 



§ .S 

D S g 

XJ K IS 
C g 

2 . 2 



1 $8 

n a 

XJ O 

-4-» 43 

u -«-» 
0) 



XJ 
C 



g O « 

« -3 7 



•Is 



X) 



£ ft- 



CO 

cr 



ft! 
I 

» i. 



+ 

+ 



to 

c 
c 

g 

o 

u 

II § 

to 



+ 
ftj 
I 

I 

ft! 



^3 
CM 



to " » c 1 * 



2*1 

<u o 



to 

to o •-G 

.a-S °~ 



_ -a -a >> g ? 

g *• «5 3 



.2^ to" 

S D C 

,n o c nJ 

-CO o - 

to ^ 
»-i .r; , , 

in Tl -H 



u bo. 



Its 

° 6 g 



to I 

>» ■ 

C 4. 



^5 v *- 1 
v rt > O 



.2 rt _: "a, 
^ ^ _8 .5 

i "P 'to 



^ ^ ii g a 5 ^* 



« .tj h c <y v « 



CuO to to 

cr 



53 •— < ^ 

.S3 ^ 23 d •§ "5 g* 



7 * 



c 



+ 
ft3 
I 



3 ^ 



+ 

ft: 



a 2 1 § 

«o _o* 45 ^ 
>»x> x) 
.t: ^ ^ S x) 



c 

Xi 



o> o> o> o 



c 



3 to 



. ^ 
o •** 

W frl ^ - to 

; a> x: 

*3 xJ a> 
'S O 43 X3 ^ 

■8- 3 c ^ft3 



S C ° u 
j3 o ft) 

tl 1 $ 

C T5 c s -a 
•-•3 > •§ 



*to O qo) o 



O <L> 



-*-» 
c 

<u 
D 

cr 
a> 
to 
c 
o 
o 



§8 



v « N 
u cr*« 
rt a; o 




to 



Q 
Hi 

o 

h-t 

H 
<J 
H 
CO 



HI 



8.B 



53 3 .52 o 

3 8 3 n ^ ^ 
O </>X> § " - ^ ° 



H 



+-» en 



~ W -♦— ' 

4) O X *^ 

C St -H 



e 

<L> 



2 'a 

o ^ 
x c 

+J o 

u 

Ctf 



3 " s § 
II ^ .5 S 

on Cd O 

- ft </> TJ 

00 ST* « <u •£ 

1 & 6 



3 — ^ 

w- Q <t> - 

^ a g j 



c c ° « ^ ~ £ 



-S3 



" ° ^ ^ ^ X o5 




*J5«8= 

S .a £ S S cT 



3 



13 C 



S 1-3 1^81^-51 



■2 £ S \h « fi w>° 
id -3 SP s & ~ 5 5 w 




• ^ c 2 c ^ -2^ 

* J? £ .g u* c 



SB 

S CU S 

cu > 

^3 O 




O '"3 C S O 

o'O 5 £ 8 



P 
Q 

o 
o 
« 
[I] 

CO 

O 
O 

w 

H 

W 

H 



O 

to 




cl, 



c 

.2 
'3 
c 

a 



•a t^- V g 



. 5 



S If .S 



*o 



t/5 
UJ 



o 

< 



K5 

I 



CN 

to 

I 





.5 o « 
Jo* 
rt u rt 



— c o 

• c rf 



w) > — 
-3 i! 



2 £ 



^ ^ ^ +5 



3 u 

> 8 « 3 

<D £ tn 

H 3 ~ S § S 



a) 

<t> b £ 

CO 

C 3 

.3 4> • - 



-q> a 



cr >> S > o 

V) c S « 

^ 7i w > o 

^-2 a. " 



ai 



.So 



-a 2 

3 in <D 

a, 
o 2 1/5 
^ «*JS 

33 • 

" 3 c 

<u rt S 

j: id 
5 c 

S3 11 

13 ° H a 

CX 3 * 

'5 o <=l 



O co 

CO r- 

c § 



3 

r* O 

^ o 

-m ,3 QJO -m 



3 *> 
rt c 
. o 



CO rrj 

CD ^ 

3 

137 
y . 

•ay 

CO pj 

* o 



I I 



I 



o o 

ii i; 



lO ^ Jrj O) > c 



o o 

II Jl 

if 



0) 

C 

o 
a 

6 
o 

<D 



•a l^ti.^ 

HJKo .5 

2 ° «3 S « 
8 S >» 

8. 8--0 



(J 

0) 



o 
o 



S 

+ 



, TJ 5 'C o" 



1 N H © 2 „ 

* m ^ g I' S 

c ^ 3 5 to S 

. S 5 ^ ..ri- 
<=> r-- o O) a . 

^ rt O U oi 
C - C « o O 
5 -S -2 5 &3 en 

S 2 3 |f II g * 

c § ° § aT % o 
v E 8 ^ 

C B <U *^ r+ 

£ Z v « > 

ez +3 ^ 2 ^ 5 



I 



.5 

'cn 

X 

+ 

s- 
8 

O 



T3 



w | 

CI 



H 



B 

1 

D 

o 

« 
o 
w 

X 
H 

UJ 

X 
H 



to 




c ^ o v c 

C « 3 2 *J . 
*rr P *S ^ 



;3 *S ^ 
CO 5S g< C 



-a 



i 5 B s.iai.«i 



■83 



cn 0) cd o 



O 

o 
3 



IO 0) "J 



S 2 S "3 >- 

to « 55 



o c 5 a 2 

cn O) 45 ^ — 
C « e 



l-t 3 



1 5 



> rt 3 



co 0 -o 



2.2 * 



O 
CO co 



2 o 

£ " S < 

£*Sl is 

^ 2 ^ 

O co O o 

.2 5 < £ o ^ 

*^ Or - 

W) co 5 c 
c o 

|> So 



a) tn 

-G 3 

+j O 

^ <~> 

o) C 



A, 



3 g 

£-L CO- 



5-2 « 



> *C 

3 oj 
O Su 

0> 



2 



1 53 8"? 8 

Si £ cx^3 
2 o o g .52 

e M 

O H 



3 

"<3 >. 



O tn L3 

II a J 

w s s 

2 * 

3 o 
O 

u « 

cd a> 
3 g 



3 g 
c 3 



o ^: 



> 3 -•-> 

> tn cn 



V3 -m 



H > 



£ £ 
a > 



o 

-M Co 

O 3 

V CO 

° H 

X ° 



c 



2 3 g 2 O 



£ 2 «3 



- 1 1 
E - 

5 ii 

o « £ 



5 g 

Vl-I 

.2 *o 

8 " 



3 
C 

.5 c 

X 
3 



15 1 

. o 

C 

o 5 

*- CO 



- 8 

2 4) 

E 3 

c 



o X 

CO *f 

Xi > 



> 3 



p 13 ^ « ~ 



.2 -2 



o C w 
3 O *J 

s ° s 



rt O 

tp ,co 
bo 

C ^ 

c c 
^ ° 



^ O 

* 8 

Xi 3 



o ^ 
a .12 



I -s fi 

to rt 
« ^ -c 

^ w 

2 £ 

© - 8 

w> .a ** 
— 
a, ^ 

8 ! o' 
^« j 

•8-8-1 

= ff * 

•o .a _ 

• 2 .s a 
s « x 



ft, u 



5 .2 -o » 

3 8 r * 

** -o g -g 

.2 i x - 

co o *S 

I . . . 



<D H <C A 

s ^ ** ** 

rt ^ in 

o v 

bo *f 



•a .2 00 



Xi v 



■ < 'm & 



?! 
Ji 



.sis 8 " 



bo o 
c * 

U CD 

3 -a 

8 § 



3 o 



w CD 

M * ! "° 

3< | Jl 

CN -M 

C t- c * 

o , « 8 

^ ft W J5 

ft 2 g - 




5 

Q 

55 
O 

w 

CM 
D 

to 
O 

X 

o 
w 

w 
w 

X 
H 



*0 



VO 

to 

I 



. s-g, 

(U tlDJJ 



c * g s a >;.s 



a _§ 3 



&, S3 



'3 8 




^ -ti C CJ ~ 8 £ *C rr-T 



^ .£> a .o JS o £ 

* all **.S ? 

•38- £*^<» ^ y> £ 



. o u 



fA £ 



0 ^ ° 



73 bjOji 

a a S g vo 



5 3 S " 



s ' ft *o o +-» w c .a "S > ^ ss 
II llo^b^^^^al^^ 5 



w — -v- — +■> O 

ID O a u ri C £ 
o 



o 



C o 
. c 5 -m O 2 ^ 

' -w -m *J3 a> .a rt 'O Cu^ 




O 

■g-s a. 

^*±! 

tuo 8 s <■> 

In bo v 

G r3 <U 8 

ti '> "-m a) 

J3 > o ^ 

* S 2J - 
'£ K B 



c/) C u * i c/i 

P j. 2 *C ^ O O 
h +i ri v o «s 
<u a o ^ 

5 S « 5 o- & c 

«> H o t) 2 *2 ° 
^ 8 *K ^ £ rt jg 

Oh ^ U S ^2 « 
^ -M 0> *° ^ ^ 

U m 4) R ^ T 

a -S t u 

6 S O T) cn 8 



£ o ^ s a 



a 
o 

W Oh 



CT 1 <u o o .5 ° 



+ 



3 
.O 

s 



5 rt o 
.Sf>>>>,.5 



E 

>» "3 ** < * © 

v P o .2 2* 



3 1 -° 



S ^t? o> a 



to 



u 
o 

55 

s 

fa 

H 

Pi 
P 

o 



u 

•S 

I 

5 



w cd 

•s§ 
■s s 

1 1 

eft w 

^ o 

IS 



if 

> cd 



I 1 

^ c 



as 



5 c « h c: > 
s°8 



2 



S "a* s - 

v £ 'C 
c <u v/ 4> ~ 



•§ 8 



0) 



< _ 0) 



cd X 



.11 

h o « § 
s o 

* 8 « •£ 



o 

c « 

cd 



4> 



a. 8 



.2 g 



4* a*. 

n-, 43 +j <u « 

- * * S §| 

+j -t- 1 ^ C 

0 cd S H a> W>£ ^ u £ 
C 3 ^ 3 n=! 



rt ~ c S S o 2 u 



' CO 



MX, u 



•I « 



" (D ^ 



lis 



S3 



.a 

c$ o 



> 
o 

I 

"C 



^.Sl >> 6 >.S "S|o 



rt g C 



O ; - O O 



N 0J 



g 

21 5 



&g 1^ &2 

A\ nt 



o 

V 



o 
(ft 

1 

s 3 *> 
o S 

Co . t t ^ 

o 

*o ^ 



^ u C 

<n ft) -M. «Q C o ^ 



J "6 

V « g « 

v o o 



| 

cn 

f i 



I- 3 

as ? 



to 



I 

00 



§ o i 

si* a Mi 



o 

V 



H 6 o §; £ c s 
u -g g !2 => £ 
s § § 1 ° .S 5 

2 O 43 -M 

0) § g OT) 



S 

2^ 



^ 3 -a 

c .S ^ 

qo D 

1*8 

5 ^ — 'i2 

6 8 o 

H w5 



o "S » «) 55 o "P 

_g - Er.a> •■; s o 

oWcf 



' T3 o 
^5 m\ e 



4> 



§5a 1 6 s _ 

3 JS T) ^ ^ d 0) 

a 5 ■£,(/) o « > 
*£5 ST-^S 1*1 



55 §S g H 

a 

^ s * «* 



&)" o 



.2 <u 
cd cd 

CT" O 
4> tft 

.2 « 

cr 

J3 o 



0 „ 

S d g 

■^ 2 
c 

^^^^ 

1 § 



8 g 
B 8 

li 'S 



a> 

•i 



s 



>» 

cd 

6 

4> 



i 

X 



■ 4> 
4) 

Id 




P 
Q 

O 

o 
O 

w 

B 

W 
H 



+ 



IS 



+ - 



1 



^ + ?> 



- ills 



to 




I 

00 



1 

00 

& 








4) 

o 


o 


and 


. II 


HO 








ordin 


II 


S 


cd 


B 


i 












i 




.59 





















< 

O 
o 

H 
W 

Pi 
P 

u 



+ 
si- 



ft: 

I 

00 

- cr 

<o 

as rf 

£l 

a; « 

CO 



CO 



a) 



0) 

4= 



O 

CO 
lO 
3 
aJ 
co 
a> 



t 



cr 

co 



c 

£ 

CO 

C 
3 



k? £ B 

u 

* S ii 



c 

CO 



c 

co 

t 
3 

O 

co 



9 



> 



I 

00 



2 

.2 



00 ^ -ft. 



+ 



X5 



I 

00 



I 

00 



cr 

<o 



OJO 

c 



o 
co 
o 

< 



I 05 

1 R 

l<N 



B 



£ O cd 

3 II c 



o 



co 



5 . o 



o ^ 

O CO 

cd ffl 
Hi 3 
i- cd 



a. I 



to cd 

1 a 

> 5 



cd WJ 

^ J3 

£ CO 
co co 

g 



A « 

S ■§ 



52 N ^ 

C T3 

rt 0) 

CO 

<o -a : 
£ 

H g M 
oo a 

cr 

co C 

CO o 



C to 



c 
> a 



T | 

00 ™ 

cr o 
H 



o T3 
$ a- 

m S 



St 

^ > 

% 6 



0) CO 

%' 

O -M 

3 (/) 

U (1) 

3 3 

« w 

tuO C 
C « 
o > 



^ t* bp 4> 



§ > c 

O O J> 



' 0) 



rt .2 



U <L> d 



^> 'To 



O 



CO 



ft^> 



s >.§ •a 

^ .S3 o 

-M *P -M 



> 
o 

£ 



3d 

o 

O co 

t-t to 

bo c 

.3 2 ^ 



2 8* 



S £ 

"2 ° 



P 



2 

CO 

T 

00 

& 
o 

00 
•*-» 

o 

8 



All 



II e 



5S ft^ 5 .XI 



2 o **1 co ^ 

=3 .2 tJ S b ^ 

P oo g ^ O 

S <D - O 2 O 

a) </) .a CO 

cu X X> ^ g pC 



■H C O w 

. .2 o.j= 

CO — cd 

E « - 

w i-i cy 

a si ~ s 

+3 ,H 

_ <u <u ci 
+j T3 -p +j .h 



•*-> cd 

C ^ 

^ <u co 

CO o 

ti oo c 

— > CO 

I _ 



;oo 



— w > 



as 



CO 



CO 



- - CO -4-> R 

.J2 b cd g 

- S I o'-S-S-S 



o 

» CO CO 

to r/ , > 

co ^ 

' CO 



135 I I" 

<U ^ a) J 

P*H x) 



cr l 

CO 00 

p ^ 

_ V 

§ g.S 
f 8 5 

• CO 

co co 

I - 

co S £ 
_g ^ 
^ £ x: 

co ^ .ti 

^ CO 

i^g Sort 

u 

CO ^5 CO 

+J -H Tj 

to , 

43 O cd 
H ° c 

CO CO 

to 



H 

l-t 
H 
O 
P 
Q 

§ 
g 

P 

O 
« 

o 
w 

H 

w 
K 
H 



00 

to 




o 

o 
to 

H 

W 
Pi 
* 
P 
u 




in 

I 

00 



0) 

<D 
-»-» 

e 

d 
d 



0) 

C 
o 

ST 
'S 

D 



C 

o 



o 

to 
0) . 

E 



6 

<L> 
^— t 

2 
cu 

u 
D 
O 



O d 



O O — 0) 

.5 o 

Xt-i fc. 
_ 0) CO *^ 

n-i -° 



.5 3d 

d ^ — ' 

3P 



■2 5 c «c 

3 d rS II 



I 



to o 



"8 

o 
e 



O *=• 



> 
o 

<L> 

4* 
d 



0> 



o x: o 



f/1 d u 

6 c S 

If 3 s-s 

o * o >, 

* rt S <U ^ § 
5 £ a) O 

+j *g o >FH d 



co to 
<1> 

ill 

C " 
^ <D 

o H 
J5 • 



•S A 

C/) 

C O 



I 

JT* a) 

b o 

3 G 

° « 

8 8 



« a S 
S -8 ^ 

u 

ii + I 

_ u 

§ 11 ^ 

J* C 

2tih 

■a s • 

C g 



5 ^ 



G D p +j 

8 $ M '% 



4) 

U '-J 

O <tJ 
to ^3 

"a; 

u 43 



a) rt o 

8 ° a 

O 4) H 



to 



o ^ 
u o 

CO 

-4— > CO 



3- 



+ 



O 

u 



II .5 

*^ C 

-3 # o 

+3 ii & 

c 'S o 

^ o ^ 
^ to 

>< to o 

1? ^ s 0 



c 
o 



0) 

H 



o 



c 

o 



d 
C 
O 

c 

> 



o 

H ^ to 

^< o ■+■» 



Ol 0) 

no d 

4) > 
d 

C <u 

d b 

o d 



H 
O 
D 
Q 

O 
O 

D 

(0 

O 

o 
w 
ac 

H 

W 

H 




tO 



&0 CD CD tlO tuO 



w 

c 
o 

w 

U 



xj ~ ~ 

< .ts a 

. G 

« w o 
° S s 

to o 

CD 

- — i CD CD 

? s s 

II ~ -tJ 

1 g » 
'8*3 

CO 



-Ho 
8£ 

c 

<U <u 



8.S 

CO * 

XJ +-> 

~ "55 

C <y 
O 



<m G 

■IS 

O CD 



cd S_g 

■3 5 

CO 0) 



a> St? 



i — i 

•S2 *G 



.2 £ 



o 

C 

rt IS 

vt-t ^ 

° o 

S 3 

•4-* . 

to aJ 



.•?§ 
,».§ 

« 8*. 8 

<D CX 
XJ O D 

+■» CO 



0) 

g 



ro 

to 

l 

00 



O W W T3 



cd 

0) 
G 
a; 
Xi 

g 
o 

'B 

<L> 
U 

CD 



x: 



c 



o 
c 



o 

to 

cd cd . 

CXO 4) l-i 10 

xj 2 S S 

G « G 2 3 

»-<-*-* * 

o> cd w 

ts£ is i. 



^ - ex's, * 



CO 



3 2 

C . 

CX cd cu 
»-■ 

CX +-» t 



3 



o 
c 



c 

cd 



3 ° o> 'S 

^ v « S _§ 

° 5 • 

- M ^ Tl 



O 



coo 
^53 g *o5 3 



o C > 
«J 3 c 
CX ,o o> 




§ © a & g. ii 



to *^ 

O £ _£« 0) 

« « i, ^ £ *u> 

" « 4> ^ S. 

•S^^!« S V 



ft) ^ — 

jZ « C G 



I 

c 

O 



^? 5 C 



U CO 0) 

o is o 



T3 

G " cy 

G Cto 

O <U 73 

u 53 « 
t; 

5 ^ c 

u o> § 

(/] CO M 



c' 



C 1 
- G 



2 8 



S to 
G 

to *G 
cu to 

s s 

XI ^ 



G 

0) 



G 

u 



bo 
G 
O 



!!& 

i » 

^ 8 7 

c S A 

G O ^ 

c to cu 
rti O u 

O ° ° 



C 

o 

O 
O) 
10 



I 

cd 



G 
O 

u 



^ 2 ^ c 

- CO ^ 
CU co G 

E e.3 

o *G ■*-» 
u XJ o 

a) 

a w 

5 <L> to 

O 5 y 

8*8 



CO 



CO 



a) ^ 
x: -o 



G 4) 



QJO 

I -a 
§^ 
2 ^ 

W cd 
^ XJ 

CO -4-> 

0) 4) 

pG o> 

-M CO 



.ts 8 

G « 

. u 



1 1 



G T3 
O G 

i.S9 

XJ 
.CO ^ 

fjTj 



, G u 

I >> 

4S « 

cx « 

+-> rG 
cd ^ 

CO 



"2 ™§ 



cd fj 
^ G 

o 
13 



G 
O 



b ^ 

O cx 



OJ G 



=3 



co 



Q 

15 
O 

o 

cx 
p 

o 

O 
W 
X 
H 

a 



CN 

I 

00 



xT 

to 

XJ 
G 



cd 
X^ 
-*-« 

vo 
00 

& 

0) 



8. 

to 
o 



+ 



M XJ C> 



CO O 

I II 



ON 

CN 

I 

00 



x: 

'to 



G 

cd 



II 



cd 
G 



> 

H to 



§ § ° 

° o< 

s S u 

COT) 

8 <; xi 

x: 



o 
to 

I 

00 



G 
CX 



-M G 



^2- « xj 



o 
o 



§ ° * 

o <-> S? 

G cd *r 
— i G X (j 

°-°xj S 

4) (D.ti ft 

S.I 



3 

8^=3 



c3 <d ^ 



c 

o 

f ft 

-♦-» 
cd 
G 

cr 

0) 



G 
a; 

CD 

x: 

s 

o 



to 

4> 



to ^ 

2 

'a 



x: 



G 



to 
I 

00 



(N 

I 

00 

& 

a> 

0) 



CD 

x; 
H 



VO 
CN 
I 

00 

& 

CD 



QJO 

.s 

u 
O 

y 
u 
cd 



XJ 
G 
to 



o 
+ 



a) 

U 

G 

to 



0 -+j 



co 

8 

a, 
x: 

G 



XJ 

to 

G 

CD 
U 

CO 



XJ 



g 

1 



CN 

to 



X 



11 * 



o 



II 

o 



&■ CD 

^ CD 
G XJ 



"I 
c 

•re 

rt CD 

u x: 

CD 

cd tuo 

2 .S 

CD 

CD CD 
XJ <-> 

CD 

° E 

Ii 

■a g 

c 

<U (S 

.2 
*• o 

CD 

G 00 
°* X. 

co CD 
G 



O, (X 

1 3 



0 ob 

2 6 
J- o 

1 » 

ii 



i - 

CM 

to 



+ 



I CM 



d 
o 

S* 

a 

CO 



ST 

3 § 

Iv 

(X 



w 

Q 
-J 

> 



o 

-J 

o 

X 



q 
u 



I 



-*-» rt VH 

y o 



4> 

g 

rt 



52 § 
G 

- « 

4> .£ 

C > 
„ •** 0) rt 



c 

rt 

-*-> 

G 

o 
(J 

<v 



I 



^ o .5 5 .E s t b ? o 1- 



.. v « n) 

i7 O t 3 4) 

£ >» « ed > ^ 

u ^ -G ojo . . o 4> 
G 



<n *^ OJO . , _ 
0> ^ r :^ ^ 



<3^ C 

£ 

4> 



1 2 

00 

it -i, 



. - rt 

,5, <v °o 



a; 

Q 

+ 



+ 



o> 32 ^ rt <u 

d 7- w w +j . 

O _e ^ to 

'T > O ^ "D 



2 J= g * 



H 3 

4> 



11 




10 

'2 

« s 

-S 0 cr 

hoc ^ 

S N § 

o v- 

%B * 

^? rt % 

<y > o 



rt 
G 

cr 

0) 



I 

ON 



OS 

a? 

+ 



II T3 



S « o 
•g -C 

> .5 



I 

ON 

(A 
cr 
o 

O C 

o 



a; 



ft: 



0) 
^3 




ct <y O <U W *, 
. X J= J= P cv 

u ^, +j +j 1- ^ 

I ij.S <U 
• tog 'C C 

9* I S3 ^ <d "§> 



<jj 5 <u ^ 



-ti .s a* cs ^ -*-• .S 
u c 



«1 » * § 35 I 

s '£ ^ P c 

« .a * .bp b % 

:> t3 1^ .5 co H 



- ^ 2 >, 

S "3 ^ 0 - s ^ £ 

0) 0J r- C ' ^ H 



o 



^ si § 



f 



« I- C ^ . ^ 



P ° — u 



on 



-2 



w 

H 
O 



rt £ o 

a« g g 

p +j R G 



- G y o 
rt c g g "C 

rt 

g 8 x 



G 
G 



I 

ON 



G -G 



bo 

G 

a 



o 



g -*-» rt 

8.s*s 

- 3 -a £ 9 1 § 



■5 g 

•5 3 

i" 3 

— • o 
.13 J= 

01 

- * J2 

G , 



G 

? 
*G 
G 



;y rt 

(/> G 
<1> 

0) u 
iG <y 



13 ^ ^ g .59 * X 



G 

11 <u 



<D 



-2 S B-g - 0 « 8 
Em 3 fc y ^ _g > o 



o 



tJ ftf « >, 6 

Slop 1 - 



G 

8P 



00 



E 

G 



p > — 1 'to 

& as pq „ 5 3jc 

. g .a . ~ 0 g « 

3.S b > 8 -3J & c o 

. cu 5 S g ™ 

G G ,2 O £ c 

rt wG CX. u -G .G 



G 

O ■ 



3 
1: 

^ G 

'rt 

O 



5 .G 'fi) 

8 .1 , 

§ 11? . 

G o ^ 
^ ^ >» 

2 G^g 

ss 

G u, ^ 
rt <u , 



+ 



G 

rt 
-«-» 

•§ 

o 

CD 
c/) 



S3- 

,g,c 
^ o 

>< XJ 
G^ 

o o 

^rt 

O .G 
^ q rt 



o 

4) 

c 



rt 



• u 

o -G o 
G G 

G 5 <u ~ 

rt io O 

« G "g « 

G G 4) 

S - 2 '1 * 

2& 8 1 

4) 4) G O 

:§ §--^ 

« 5 ' ' " 



to 

I 



T3 y rt .5 -G 
b *G 00 ^ c- 

" *1 » G rt 

c 



*5 



1-t 

4J 

s o 



rt C o 
-G rt g 

4> Gi ^ 

O u , — , 
4» rt --v 



00 ? 

00 <N 



^ o 

C w 

4> , 

o u 

G ^ 



00 

I 

00 
G 

o 



-§ IIS 
rt ^ .SS 

^-G ^ 

3^ - 



> rt 

5 -G G 1 



>> 

J3 



. I 3 J*£ 



4) 



G 
O 

o 



4> 



4) 

•G ^ 

~ « & 

_ (U CD 

bo u 

^ -G T3 

SH c 

rt u 



0) . 

li S Si 1 
I o£ w 

1 <J C< (U 

s'J' 

^ ^ 4) O 

rt «Q fe 

g,^ O i| 
CT rt k-i " 



X 

4> , 

4> 

^ , 
4) 1 

'rt 
u 

4> < 

G 

4) 

G 

rt 
o 

4) 



4) 00 
43 



4) 4) _ 



0 -.£; b • ? 

o 2 *a*g ^ =3 ^ 

5 C 4> w •» O G 

£ - >>rt o S h 
gG^ g« 

^ ■ I. S 



2J t « 

-G rt bo ^ ^ ^ £ 
£ 5 JS- S rt S § 



.2 T3 

« C 

— O 

3 8 

^ O 



W 

c 

! 

O 



o 

55 

O 
-J 



W 
P 

u 



d) (D <1) 4) c/1 



> >.»i" 

CO 

ft <u o o 
^=9 p w 

^ 0< £ ^ 4) 
2 *^ 'S U ,S 

= l« § 1 
§^ rt 

U J3 ■+-» 
4) t-i +■> 

;r +i tj g 

s g.S s 

(1) no ^ 



G 

o 

o ^ 

cd 



o £ 
^ c 

in .5 

o 



u 

o 
u 

p 



co 
G cd 



c 
o 
o 

u 
P 

l-i CO 

0) 

G <L> 
C X 



343^ 

So 
+3 O c 




3 c 

^ ft) 
bo 
c 
as 
t 
ctf 



^43 B 

cd o 

n . 3 

S > c 

E > <-> 



o 

s 
c 

8 
3 

3 
O 

Q 



to 



5 ed 

CO 

G ? 



nd tuo >> p fajO >» 



art ^ 5/1 2 



6 



C bo 



' 3 
13 



43 

+■» 

"to w 
cd 

(J 



G a 

8-8 



co « X! fc 
-JS .22 « ^ cd 



cd S 
aJ 'X3 o 
C 



O CD 



« o g O O im 



Is 

0> O rt 

^ i-S 

o G 
w rt O 

l-H ^ 



c c 

<^ 

*-g o 



43 £ 
•c o 

'3 -Si 

O cu 

y 43 



.S 

to ♦ 



c « tuo 4j boa; c 



to 



i-i £ 
-S3 



O (U 
C S 

U 3 



CO CO j_ 

4D 5 



co 4^ 
O 0) 



3 c ?2 c 

i 5 '+3 'w 
? u *i o 

£ s ^ P 

CO »-<— i CO 

■a" § » 

55 $ IP 

a- o o 

O O <-> 



43 U tS 
•g 43 O 

*0 C 43 

Ml 

•H -a e 
x _ s 

« g 9 

«-2«3 

aj <d 

Oh 0,-13 



o o a 

si ^1 ? 

§ 6^ o I 5 

J-< ^. . <-»-H 

It S tJ d ^ 



43 ^ -^'^ ci=: § 

~ « « ts ^ : 



to 

c a 



w o-o « « S £ 
« «, g « § 



e 3 Hu.a 



<L> 43 P 

P O C£5 



C aS « 



+3 . 5 3 



to 



-m <U O 2 „c C 
m -C 4^ C +3 rt 



G 

co _ 

^ 8 |2^fc 

G u a) C 

o a s 43 - 



to <U 
tO j- 

43 -Tl 

> 

TO 

^ 43 



U O ^ 




i> cd O 

43 i5 « 43 




C *>43 



H 
>— i 

> 

H 
U 
P 

a 

o 
o 

w 
(X 
p 

co 

o 

o 
w 

H 

w 

H 



r d) • I 

C 43 O 
O £ 7 K 

^ GoS)5 

■ §L 

G © 

<u 43 

-at* § 

CO Oh 

aj 2 o 73 
o w cd a 
^ *s 

G ° S 
^. .5 ^ 43 

? §^ 

"? ^ Si i 
"6.9 

8 Kg- 

3^ w 




o 
w 

o 

P 

w 
2r« 
o 



in 
D 
O 
W 

w 
o 
o 

o 



W 

o 

H 




oo 

I 

o 



a) "O 

.S Tj 

ia 

3 

co 
l- 

a « 
o > 
^1 to 

a 



o 
a 



k 



ii 



ft: 

2 * 



w O 



T3 

a 

§.■« - 

cS >> a 

to S 6 

3 o .a 

c -Si x 

6 53 o 



a 
a 

5 JJ rt 
^ « a) 

to 

.s ^ ■£ 

4) a> ^ 



s s 

« s 

tn C 

a — • 

.*-» *o 

0) 4; 

i 5 a 

! _ c 

I <0 4) 



a 

o 

a> o 
a o 

E a 

5 .a 



an? 

8~ . 



■is 

>, ° 

ijg 

in . 



<-> r* 

-»-> »r 

<■> .2 

a £ 

c 2 
8.2 

4) 

8-2 

.a 13 



. T3 a a .2f 
Til ^a 



si 



a. 
8 



S « c 
£ ^ -a 
r- 1 -h 



a o 



ft! 
W 
H 

a 
< 

X 



S 



111 II 1*1 

^2 2 .S s « " 

iuO^ O | i-4 -a 
fl 4j 



i 3 



© 

o 
© 



f 

o 



« .a ^ <u a 
a. i 



M W V 1 . 

- o 



.5 >< 

, 0) 



a rt ° " 

„ 0) o ft> o >> 

,T3 J2 rt -J3 art 

- •= h a g to c 



5iC 



O ^ 



^ 03 ^ ^ t 5 

^ o r2 !S ^ ^ 



O 3 <U O <U 

> ca g .5 b j3 „ 
^ .S o 8 ^ 
wo^^woa*- 



^ b 2 



5 S. £ <u a 
. o a ^^a > o 



a 

t3 a 
a o ^ 

8 ^ o 

0) O 



© 35 <2 -a o — 

r- m*T3 =3 *a . o w 



na 

mm 

o 



a ^3 ..l^^.c 

IP J |>STJ X 
B « £ o g « 



.2 o 



ii 

M 



i il 

^ .73 



E 
o 



C3 t 0> 

<u a c 

o u a 

•S § 8 

ft c v 



2 © ^ -° a 
<y rt C E X 



>> .J? 



a 



a 

4) 



a 

o 

4) 

a a; 



a * o « 

S a? | a a § , 

2 o-c c i 

ft*~ 03 C 

— ^ <L> o 

a 2 

^a a, 

°c a tn *\ 'V 



Sc/l 
O 

a — • 
6 - 

•a 3 
.a o 



in 

a> o 



£j S ^ a a - 



to 
6 



°S a a c 4> 

O ri t/i 

r* > & g w 

- 2 £ w 3 

II a 4> 



bo 
a 



ft^i§^ 

[[ U 4> 

o -a 



in P 



CO 



^1 i 

■2 c 



u 

S to' 

a u. o\ 
o v 

- ^ a! c cr 

O ^ 



I 

o 



CO 



to 

" — OJ 



u O 
^ O > g ,D « 

as * g 2 

D 1/1 CJ ? 

-a h a £ 
x> _ c .a o 

" 4> 



era c 
u O 



a 

E 
o 
u 



55 II .S 



a 5 ft« ~ 3 8 II s c § „ 



co -m to ?J § 

w ™ ^ tn -p . -a x> 
»^ a ^ 4, i ? <p 



T.a 



cr 

0) 



e-2^ s;- 



c H a 
+-» ^ o ° > 



o 



a a) _^ 
a -a 



o 

4> 



a 



0) 



d J3C^ o o 



,22 2 *£2 O c 



cj ia xj .a ? ^ 



E 
o 



in 



a -M +-» . , 

>> w *3 



o s 



© "-w M 
— O ^ 



ft! 




ft: 














O 








1 








1 


i 









X3 o 

















c 




'En 
o 




as 







-2 8*, ~ 

ay g.* 

(M O I 



H S 



a) H 



53 a) ^ « i 

^ b -s 1 s : 

s? u ° e ■ 
g 

3 C 



4T3 01 1 



5 ^ o 




E o * — 53 



> « o .2 £ - 

£ -3 **- ^ 3 -m 
- 1 8 ^ ^ 



o 
10 



v C (1 ^ ft ^ 

^ oi ?R CJ « 

° O C > t3 

fll « C O rt c 

S ^ c E - m 

2 0 c 3 K 

^ >>2.£ Ji J> 

_ § *~ A a .S S 

5 2 -S o _ & 9 

<U .^5 fc Ui pj 

o u u c o £ 

^ <u c " K ft 

« x ft 2 «j g 

« tj § .ST 5 w 

- ^ X C 4) o 

4) 3 C £ 



* * ^ 

e § § 



gas 



2 c 



[ ^ 



C 

c m 3 
^ g «■ 

O, <L> rtj ? 

o « ^ 5 

rt 3 « * *~ 
^.^^ 50 

— -c **- 

# g <y 
'■w 4) i-C 



' ft 



75 S 



0 


<u 
u 
u 


. 7 
0 


0 
u 








II 

K 




T3 




C 




rt 


sin 






II 


+ 








C 




as 


0 



- 1 fc- 



+-» <d .3 +-» 

E S <d 

3 s ^ 

tg o ^ ft 

S.2.2S 

lip 

- § I o ' * 
6 * g" 



•°. •■BR .a 
*- 2 Si & 8 

O 



0) 0) g OjO o ^ 



1 o ft E 5 bo 
2 <u 2 | 

IS ^ £ c> t3 T3 

TO g U 

~ S £ ft c § 

" 1 ^ 



J 6 .ts t3 2 

: H 5 w « E 

1< X o> o >, 

) 4> 10 C U 



5 



Q 
W 

o 

H 
W 

as 
o 
<< 
s 

CO 

P 

o 

w 
o 

i 

o 

X 



- w w O GJ 

8* &- &.J= 





W 
Q 

o 

U 
X 



^-3 



a< V 



„ ^ o Ef2 « S 
*> , 

^ £ W -.59 :S3 5 £ 



C 

to 
c 

3 

o 
a 



A 

o 

<E> 

-4-» 

5 



E 

3 



H 
O 
P 
Q 

X 

o 
o 

« 
y 

P 
CO 

n* 

O 



O 

w 

X 

H 



in 




+ 



+ -| 

8 £ 



+ i 



2 + 



+ 



+ 



to h 

+ + 




1/5 



D 
J 

u 

I— I 
H 
W 

55 
O 
< 

co 
D 
O 

w 

o 
o 

o 
w 

PS 

w 

X 

Pu 
en 

W 

W 
H 



-MOW 
A3 J_» 



3 K c = 

S vM ft) u 

^BSS o 

, A II 4> > 4> -M 

T3 co <j <D 

s s s §s 

o S E ,H o 



+ 



5 ^ 

S3 -« - - 



cd 
u 
o 
c 



o 



4) 



o 

as 
8P 



o 

Oh 

X 
4) 



S A W> 



,S2 rt 



- o 
1 *9 



g S 



a ^ 

J£ CX, en a) 

nJ u ^ »-n 

~ 42 2 S« <2 

o) o — *Sh ±i 

o 5 ^ J2 S g 

d +j J3 ,H p 

II -5 -° 2 * 




c 

s ^ 

2 rt 
^ o 

o 

2.3 
2.3 

-s > 

,2 

CM P 

c " 

S ° 

CO 

a) <L> 
■ . x: 

+j 



w 




H 
O 
P 
Q 
£ 
O 
o 

CO 

n* 

O 
PS 

o 
w 

X 
H 

W 
X 
H 



10 





H 
U 
D 
Q 

O 

W 
0, 
P 

to 

O 
O 

w 

X 
H 

W 
H 



to 




ON 



Q 

U 
t—t 
tn 

o 

I— I 

H 
W 

O 
< 

C/) 

O 

w 

S5 
W 
O 

o 
o 

X 



w 
w 

w 

H 




j 2 *o 

<D O 

- loll 

_ CU 

Or- r ^ 

- 5 W) 2 

CA « 4> § * 
£> 2 cd cu 

o * .2 ^ ?: 

e - Si 

G £ cd m 

o ^ £ 
c P c «> 
G > -S -m 



^ c 

cd 



H 

o 

Q 

O 

a 

w 
a, 

D 
cn 

fa 
O 

o 

W 
X 
H 

W 
SC 
H 



00 



cu 



.2 +- 



^7 



cd ^ 

O T3 

I g 

TO O 

s a 

G <U 

S l 

to 



cd <u 



ft! 



aJ 
,G 



CN 

7 



cr 

cu 

c 

CU 

E 

CJ 
CU 

u 

tuo 
cd 



I = 



• cr 

CU 



CU 

> 

CO . . 

*0 II 
.S w 

P cd 



2 £ ^ 

cL o o G .2 co 

aJ o> ^ ™ ^ 

O 3 w — 



7 



»— < CO i— « i-< t_i rQ 

g.3 3 r „ •§,£ - 



•S S 



© 

CO I 



<L> -S rt cu . K 

° io o o ^ 

2 d fu rt ^ 

P b cd ft; 

— u >> 1 

cu <J 



rt B « x _ 



.5 P 



CO 

cu 

> 

O 
u 

C 
O 



to 



6 

% s 

2 '« 
a, 2 



X TO 5 
J C u 

° c 5 
.S -2 g bo 

cu u no 
S'G^ o 



cu o 



g^g 8 c5 cu ^ 

+j cd C G 

«^ o o 

- to g cd 



cd 



M 4-. ^ aj o 



I 



I 



to 

g <2 O v^lv- 



g 

'5b 




Q5 



CU 

^ Jh ^3 „ 
+* TD cu i - 

1 1 

O D to 

§ *g ^ O to 
cu . +•> 

cr bo cu 



cu 



+3 ^ 



o 

cu 

* CU 

CU 



c 

o 
c 

cu 
4= 



a -a s „ - - 



cu - M 



<u C 

Si 

cu 

- ^fti 

4- G v»i 
~ cd ^ 
8 -G 

-M O 



G 

cd 

I 



C St 60 

» -a H 8 * I* 

? .2 o> . *^ ^ 
^ t! & 9* • ^ > 

3,2 ,^ fN 0 



O 

tuo o 
.5 ^ 
Sft; 

cu 

U ^ 

G ,C 



G 

.2 

'to 
G 
cd 

a* 
x 
t> 

cu 



CU i 

cd cu £ 
u ^ . cr 



G 

cd 
to 

cu 



to 

< 



cr 

cu 

E 

p 



c 

cd 



O G o c? cu u 



ft$ 

+ 
ft^ 

II 



-4— ' 

3 



IS 
u 
O 

o 



G 

'to 



CU 2 ^ £ 2 

■ G P m 

o fu cr o c 



< «J 45 t>0 <L> 



1 G3 

ci> .2 
G 
O 

'£ § 
^ I 

cu 

* s 2 

^ no 

ft; « 
* I 

G ^ 

to . 

cr 

5^ 



T3 
C 



£ ^ 

>> > 

w c 

£ £ 

X3 X 



J3 

a 



S 

Cop 

« o 

O 



n a: 

^ II 



'x « 
H H 

£ o: 

o ^ 
o .5 

ti g ft: 

as ^ 
> S> r- 

.u : j 
£ ^ v- 



W 
H 

a, 
< 

o 



^ — ™ 

.0 o .52 e 5 

C u '~ 3 
C ?J 

S 8 «* u 

2 

+3 o .5 ^ 
J- Stj 
"3 j- « - 
o ^ a 



£ e 

2 £ 



o .5 

0) 



O P iQ, 



rt £ C 

<u 0 « 
*- c- 45 ^ 
^ to u 

J. 2 8.2 
| A* " 



'|5 3.S 

•3 IS * 

< <u to *g 




H 

CJ 
D 
Q 

O 
O 

p 

in 
O 



« 

o 
w 

X 
H 

W 
X 
H 



O 

so 



~ 2 S3 
PIN 

c o ^ 

■2 ! s .s 



o 
o 



« 8 6 



-SJK 1 

S^.< 00- 

* >>~ 2 
c 



^ £ S 

* ^ S 

O -M ™ 

to I s - 
S Sri 

s - 



T5 
G 



43 



43 

c 

8 

45 

CO 

c 
o 



o 

0 « 



-s -s « $ 8 s 



> 2 

^ 45 t5 

45 ^- ** I 

53 . 45 c 

i "a J §f : 



^45 
15 S 



o S 



a> .3 ' — 

S & S 
' c 

45 t3 
^ u 42 

-° 5 .-3 

a> «m *uj 
p o ra 

O 0) 

**- c c 
c 2 g ' 
<« 8 3 

^45 « - 
tn O , 
^245 

^■45 45 



O O 



CO 

C 

o 
o 



H o 



4) (At) 
45 C 

^^45 
° 45 

£ g jv 
2 3 



I? 

<u 

45 
CU 

CO , 

45 



45-^ 

- 0) 



2 5 

1 03 1 tf> 



o = 

-a " 



O <U 

45 C 

w bo 

c " 

E 
3 



^ 2- 



P o 



(U o 



ooooooo, 00 



000000000 



o o o m 



*5J 




o 




to 



C/3 

H 

Z 
W 

D 
O 



W 

l-H 

</> 
Pi 
W 




*g D c h y 
° -S '3 ? *c 

•9 .9 ^ m 

2 1 o <u rt 

y **- tj *s o 



H 



■ * ° "5 
III 8-° § § 

MS- 8 8 

*d O tt> 4) 

a fill 
11 8 3 d 

^£ 

3 ° o> S c 

5 B 
c c a f 



o 42 



rt O O 




^ .g h <y 

rt £ 5 *g 



to 



8 



a) 

G G = 

_ ° v 5> 

u o $5 
§ o Sf>.S2 

'co O .5 — < 




H 
O 
P 

a 

o 
o 

CO 

to 
o 

>< 
o 

W 
X 

W 
X 
H 



a; ^ 




b^Tii ' C , N to <U (O • 4J jj t! O 'd 4) 



4) o u w 3 S 

as 1-2- 



I 

o " 

c 



s « t; 

C o H rt 

CO 



q i; 



-4 S ° 

o g.S 



CO ' 



o c ° 
^ 5b > 



cd 

o ^ 



- 5 I 5 * 5 

c 8 g rt 8 

X v o -~ V 

> Q JS pG -«-» ^ 

> o .to pq 
^5 c « «> . 

g g s ^ .s 



o 51'" 
8°| 

s 8 a 

'd Si 

-m -2 c: 

•c > w 

rt ^ 



to 

O ^ 4* 

v > to 

8 3 | S § 

» -a § S 

to _ ' — • * 

<u cd ' 



P ^ o 



-m o -a T3 

S'-g s.§ 



o 3| 
at o « 



i E ° 



! a I 
s ° s><° I 

Eg j o£ 

T3 -S ^ K ^ 



o t> 



H 73 -m 



53 o> 

bo o 
o <«i 

^ o 
O c 



O 

0 co 

1 § | 
l.i-g 

.S 2 8 
c-s g 

u o o 

- w ^ 

—i o i 
^ « K 

fl> u _ 
u *i in 

CO -r; 

■° s-8 

oc g 

m > w 

o « 1 



IT5 



if) 
H 

2; 
w 

D 
'O 

H 

w 

H 

7) 
7) 




ex. 5 o c 

h ^ 3 



^ '^J P rt ^ 8 

(/)(/) bjQ G +-> rQ tf) 




^ t! £ *~ 

OJ O) - 

° C rt 
« rt u 

» c e -2 

3 2 
£ e > *s 
—i rt ? ^ 

2 J3 « S3 
<v -3 ^ 

^ s 5 - 

g 

' $J <U M 

g^l 8 
t; ° o 

<u ft . . 
rt O <u $ 



d ! a s is 8 fl 1s 

*~ w 8 <u > 



H 
O 
P 
Q 

O 
to 

w 

to 

c/i 

to 
O 

> 

■X 

o 
to 
X 
H 

to 



| g 9.0 | a Cy 
g £ £ « c 

ST u § 

u * a % £ ^ - 

° o > o 0 
o c/> fa o 

^ s 3 -*% 
£ *3 0> o 

§ c g 

O rt 4) 
rv -m 
v-m 0 

^ ^ . hj 

o c c 



e 



3 ^ 



0) 0) 



o * w ^ 

~C >^ d 
o to — .g 



C ui ^ rt 

S ° 

O g T3 .^2 

s-S s c i 



3 
O 



- ^ ^ C tuO rt 

p c a c 




0) 



0> ^ 



1 r* 




V© 



CO 
H 

o 

H 
H 

CO 

i— t 

CO 




§g>l*?JL 

3 3 - £ * 



I 

cn 



ft* 



I/) ^ 

Jo 73" o > | 

« 2 8 > « & 

6 3 



'o 



4> 

o 
o 



G ^ 

- 0) 0) 



. o 

u 



o ^ o o C J5 

.s rt i S 8 



o 
CO 




4> 



bo 
c 

G "* 



4> 



cd ex. a 
ra (d H 4) 3 cd 



CO 
.G 



e o a) 

J .s 

e * g 

> 

O 3 3 3) 

4> 

4> 



O 



P 



>> o . 



^ a) 



5 e 

fl c c 
C a) rt 



8'-e 

^ 8 
° « 

s s 

0) 



4) 



co C I £ ' S 




881 

§ « * § • 3 s ■£ « • 




y u tn 42 ^ ^ 

s s^l-: . ° 



o 



>t1 



§ g g J _ & 

c > - x 

^> I « tt P 



O 

o 
w 
x 

W 
X 
H 



VO 



0) g 



H 

O 

Q 

S3 
O 
O 

Pi 
w 
a* 
D 



0) 



CO ' 



g S 5-^5 
o .5 o 

0) M CO <L> 

^ s 



2 T3 



" M O J3 



•n 2 ^ S3 
c£ 2 g 

O rv 



^ <U ^ 



CO 



C 
O 

"2 ^ s 

g g S 3 o o 

4) +J CD 0) -4-» 

.Th u C 

O £ O ^ fl 

S a -g .t: ^ 

g u c c 



3 



2- 0^1^ 



O X! ^ - 

CO O 



4) 

U O 

rt Co C 



•1-4 4) 

0) — . _0 O XI ~- 

cd 
u 



SI 



8 g« 

4) X ?1 



O 4) 
b0 4) 



S (J S 



«J « ^ fe .s = 
m-S .S 9* u ? S 

tun 4> .s *o S 

^ ^ -T* 4> C 
X) -M 4> CV,^ 



O JJ 

a S 

4) 

a c 

CO ^ 
4) 

a § 



in cd 



C >» 4) 



S ^ =3 



cd no-^ 

CO c 



aj . 4> C T3 £3 p 



O 

-^7 

« b ^ ° 

Ep to < •> 
. O S *3 u 

D 4) O QJ - fl s 

y >, cu*c a xi ° 

• bl »H 04-M g ^ 

o cd cd CO g _ rt 

3 _ 

cd O g G u 5 u 

^ W)^ *■* w _^ O 



cd 



" - c ts CL 



4j - 4> C *0 
» r? 4) <p 

4) c ^; o 



C 4) 



4) 

> 

cd 

o ^ 

O 4-> 



s & & ^ 

a« a ~ * ~ 

•C 5 ^ « ° >. 



"111 IE c%S.S u h | 5 ||S^^ " 




VO 



H 
Z 
U 

(J 
H 

W 
H 

CO 

GO 

B 



II** 

is'- 




tuOco* .12 o c 
4*1*3 O 

w X) aj 
3 4> *t* o 
w > b ,3 x) 

H *o cd ? rt 




^ o © 



+ 



to 3T 



3 <u . 

•s & 

is. 8 **. 

3 3 S?2 

'i 13 r* 

° O C 
ai Q« S c> « 

t: ^ s •« 
II 8/3 £ II 

rr-j <D <D ~" 

^ HOO w'O _ 1 

fl) A (/I *— 2 'i-J *™« I 

s 

£ o c ,3 «* 




ON 



-In 



§2 



& c 



5 § £ 1 .2 •> 
o c B 2 =» o 

8 s?S * 



^5 




(u v ai v 



3 55 y> ,c 

^ o 



y> ,3 .3 



'3 U T3 +-» 



^33^ 

.s $ 1 £ a 



'3 w - 



33 <D "5 3 J, 



bO CO 



£2^3 a) g en efii^*^ boti^.2 



g .a a 3 



bo 




*2 > fi - 
_2 "Jo ti 5 ^ 



„ fe .a cs 

^ 5 g « cr « -o 



5T S 



^2% 

5 °ig a g 



rl 

■ 3 4) >a -g 



i*3 « <o «) S h 'C "g 5 ^ ,a » 



b a ^ J? 

u 

. ! |: j o ^ 1 ^ 3 8 * g >,* a 

-lltl-lllllt- 50 - 9 - 




< « 



H 
O 

O 

o 

U 

w 

y) 

fa 
O 



o 

X 
H 

W 

x 



00 
VO 



^ o 

u 
O 



OS 



•7 0 -Z ~ A > 

ill 



/I? u u 
0) o o 

*^ O 0 



3 
a; 'O 

Q 



en 



— O <u (i> 1— • 

rt > T3 _ .5 d >> 
? S .22 
ojS £ £h S d §H 



o 

3 



c c 



2? 



u *-> 

o c 

■A — 



^ 11 -g o § 
s § 



J. 3 



0 tJ -g g 5 ^ 



3^ 



o ^ 

WoW 3C^£^ 
"3 10 o c . u 




I 



.2 

•a 
c 

a) 



rt 'S § 53 -3 3 a; ^ 

6 2 3 5 3 



5 B 
60 rt 




4? J/? 0 <D 

•g 1 8 5 « 

« 8 O ^ O A 

3 ^ 3 ^ O 
3) ft t C u 

x > " 




o ^ g 

w a °t2 
33^ g . s 

"S H 5 "O 



3 <-> 



8 

0 'C 1? <w 
o g I c ^ c 



if) 
H 

P 
O 

H 

S2S 
Hi 
H 
(/) 

w 

Ah 




O 



e 
c 
O 

i 

c 



0) 

e 



h 4» 4> 



T3 ^ 

s 8 i 



£ 5 « y "55 ^ 



H 



H 
U 

Q 

O 
O 
« 

w 

Pu 
en 

fa 
O 

« 

o 
w 
x 

H 
W 

X 

H 



0) ~H 



c/1 

8.3 - 



— CO 

a 8 * » 

m-i en 
O •*■» 

£ « rt 

5T ■+-» 



13 



o 




S | E -§ ^ 52 

B S lS ^ 
C or 1 Owh 



CO 

H 
W 

U 

to 
W 

04 




4) . p- 4) <U 

o , as- 

o> t3 eg c 

s -a >> * ^ .s 

o3 2 rr< q .«-» 

>>2 " .2 -55 y 
8.-2 8 

cm EH O o o3 

§11 

_ t$ 2 S * .52 

•a. a | * g 

"K fi S 2 *W 
2 4,S * is . 

• s s'§ Hi ii 

S o3 ^ JJ -M s 

* S sf 1 i 

2 O 5 



S E 



to 



to 

I 





I 



43 



2 

• ^ N ^ ^ 



c3 - 



8 
c 




*> eg g g o 

S3 ~ $ " 
■« o g 
u - c 

.5 1/1 *g .2 ^ ° 



& C C c *3 * 

H P £ .5 o -c 



15 > e 8 7.8 

o ^ So 5 CM ^ 

° -5 ° 
e 8. '« ^ 



M 03 

3 » § ^ 

F» o 

u & O O 

O Oh O U 

£ : cd (X 




H 
U 
P 
Q 

I 

s 

Oh 
D 

co 

Cn 
O 

X 

o 
w 

H 

W 
X 
H 




x» .2 



2H 



c 

8.5 



! s H-°8-i8 5 

-fi r> ^3 *s > -S o 



a O 5 ,| g 



'C g (£ J o 

> § -J s 2 

co C +j +j 



S t§ ^ t ^ 3 

. C _, <D O 

-2 £ § £ -53 s 



£ W £ cr^j o 




Oh 



o3 P 



4) 



O aJ 

2 ^ 
4S a> 



? b Si <^ 

h 3 « 2 



8 |* 



O co 



S to g 0) o 

■ «J X! ^» ^ ^ 
03 — ^ 




.S a) -S £ g X 

- o § g-g 

« O o3 W>-5 ^ 4J S > 

c iS ^ c 



a> <D C 

£ £ S s w o 



2 

S.§ 8 




5 



o3 



o3 .2 .§ C TJtjJ>^ 

CX in uT^ « 15 
. . ev »-t o r> ^ r> . so* 



id to 



CX 3 O 
+-» 

rn ■«-> 

.ai» 

,£ c B s 

JU -M CX 

« 3 pq to 

2 ° « 

P O • U3 

^ 42 o o « 

3- C ^ o3 ? 

u fi § - * +* 



CXT3 

■ It; 

" C 3 

i 

o3 



% 2 X 



5 E 



•5 o c 

.ti an « rt etf O +3 




^ '1 1 * 



O I <u 



21? 



w 

CO 
CO 

W 

« 

H 

CO 

O 

O 
►4 

Q 
< 



cd 



8 > 



» -s -° *g s 



"5 8.fi-° § § § 

E~ 3 « 5 ° 

C-*-» Im 4) 



cd 4> XJ ^ 

r- 3 Im 

£?E 
o 



, o ~ 
cd O 




■M Z X 

^ fe ° 
O p >< 



2 ^ ^ £ 



v ^ 

cd £ 
b£> + 



4> 
O 
O 

u 

<u 
J3 



cd 



o ^ 
" >> o 



2- a ^"S-ii bis- 



Im 

cd 



g 



CO 



<u .5 o c 

^> -T 4 r- <D W <D . 

3 £ .5 5 S ft— 

co ft +3 <d w ^ 



« « « S a $ g 




V cd 



w 

H 

< 



0) 

SJ O 2 -a & « C 4> 4$ T> 

r ft o -S jr, c -a 

s c ai +-* bo. 22 




~ *M u 

c .2 o 



CO 



c rt ^ O 



O C 

O ^ co 



• -S ^ K I J I 
•3 s 3 < •§ ^ I 



' ^ in 

l ^5 g o 




a) -i=i ed *^ u. 

" " E s 



4) o - 

4> ^ CtJ C *X3 sN 4J 

> x: c Si ^ h 

2 S ° 3 

• Oh*^ 2 y C 

E "g <U 4> ^ ^ Cm 



Cm 



a 



y) — O) .^N r' TO 



& & g fi 92 ~ 



rt 5 'C -S 5 g | g S * 



^ 5 ^ tio S 
o +j "C § 



P ^ -» 4) > J3 Pinion 



o a? 

O 

*C 



Iff!? 8. 



1 "O £> 



CO Jvj 



fart »H +J ^ ^ 



tS§I S iJJ 

b w - « p - 8 



TO^ 



^ n o s d x 2: > E^ois-^ 




T3 « •§ -S « g ^ 5 
■ " ^ tfi a) w h ^ 

■ ' y 'C 



EP 

i! 

c 

en 



5 ^ k ts s 



6 



tab' 0 



H 

i— * 

> 

Q 

O 
O 

w 
cu 
p 

CO 

O 

o 
w 

K 
H 

W 
X 
H 



si 8 



^ c c 



*^.E5 



0) 4) 



2 J> 



w 4J ^ 4) 5 ^ rf 

1^ " fl Q ' 



Oh 

S 

to 

^ Im 

CO O 

4> 



? 8 1 1 1 1 o § 

^4>ri rr 1 C »i co It! 



U (m CO 

o 



3* 



to 



H^t3 o *o 'go g 
0 ^ ^ 2 fa 



cr g 

4> C 




SX 



G u > 

ui MM ■*-> 



Ceo 

a) a; ^ ^ 

" 3 w s « 



co co C ^ X _c S 

& cb eg cn o ^ S 



a 4 

w b w - 
« 43 3 ^ 



<U 4) 



^ -a -ft 



E^m 2 bo 4) co 
O P ^ H 4) 
O CT im o 



C 

o 

CO 

CT 

4) 
4> 

^: 
-+-» 

6 
o 



4> 
4> 
CO 

4) 
X) 

c 



o 

Cm 

Cd 



+ J - cd ^ CO T1 , 



.4) 



O U 

s.s s 



4) mm O x) 
CO ° 
<g ^ ^ cd g 



co cu cd 

CO 

o 



! .a 



^ « =3 mm ^ co 

4> *-m O p CO 



•—I V ^M W (-> ^« _C 

X ifl C m a CO ^ 



p > -»■> . t < co 

^.fe cfc E.S 3 ft o o 



-4) 3 C 



- ^ s e 0 *.scr3So.H^ 




cd > y v 




CO 

W 
to 

C/) 

W 
H 

O 

a 

55 
O 

Q 

55 



>-} 
W 

w 

H 




> 



H 



B 

D 
Q 

O 

W 
& 
D 

CO 

b 
O 

>< 

o 
w 

H 
W 
X 
H 



: SJs- s 

3^2 



^ J? Wild +j 3 



£ 3 o 3 i o +± 
g O § co * J* c 

S 

H 88gor 

ofi g ~ * 2 

^ 2 £ * 2 « 73 
§ ,S 9 ° o B 



4-J o 




8 o 

§ a 




_ CP 

o y) a 

« t» « tS ^ "5 
Si S3 * 

0) > rt "^pO C 

So x K . ca o I! S> 

=3 8 3~ 8 

£ o g S .2 2 

6 13 >> w § a 

^ H ^ ^ 




En if *G « <u co 



w -+•> *h ji\ ' 

5 § § g&N- 9 ! 



"5 » I 



^ „ o u 

glials^ 



i a, 




5 8 



ON 



(/) 

Ul 

t/3 
0) 
W 

PES 

£ 

S5 
O 

a 

s 

Q 
< 

d 

w 

< 
w 

w 

H 




UJ cv 



c/) cp <u • || fc< o 

CD , ^O*^ 

CD O T3 - — - I c 

-*-» V CD *» »>> 1— ' (11 



. „ S fa . * -g 



g g « JS 

S .. O cp 
g bo to £> O o 



« 8 S .S .g 73 e -2 
SS 52*^0 Srits -r 



^ 8 



c ~ -p -o 

• (V) , , S 



-In 





* ° c - g - 

O . cd g £ --j 



2,& 



0) 

E 

rt to <u 
u C 

« I e * 

.2 <* ^ 
11 ^§3 



<P <p 

a«° S * 

£ r; U ™ 



to S 



>, g 

* s 
§5 



*0 G 
^ .52 



^_ CD 

• ™ 

•s 2 
8.2 




H 
(J 
O 
Q 
55 
O 

C/5 

Cn 
O 

O 
H 

w 

H 



00 



faO 

.5 



+ 



o 



+ 
o 

>> 

1 

.a ,r 

£ 6 

(u o 



o 



^ bo 



M 




X 




© 




1 1 


+ 


+ 


w 




X 


o 


w 


II 


-1 w 








+ 




3 
















s 


+ 










1 


> 









(/1+J (/I Tj 



g* O <u 



5 s 8,1 rt 
^ S ^ 8 x 

SIS 5 

« s « 

2 C co 4) 



^- Oh „ 

M C 5! w 

-C o a) (30 

- O u O 

— rt to c 

c « o 



. .. . ° « 
S 8 5 "C 

sis-Si 1 " 

S <u « ^ w 
.2 3 ^ g a) 

S <u I "S _: 

a & 

C P 



g ~ 8 1 1 

y. • « u o w 

C cu O e G 

o g <u 2 ^ 

■§ 1 5 1 s 

s § 8** E 

**-• u. O C e 

*i H in h 

<u x C c 

a) rr, G G 

CX g cd rt 

S.i 

G - 
cy 



■2 + S S w 



W G 

CO HH 






a pi ° 

? O J 4) 

cOi w -G t3 

^- (y o U 

^ u ° a> a) 

od O M co »G *G 

^ G .ti ^ 

+J -P 'T) O 0) . 



G 



.s 

U 

O 
•+-> 

o 
> 



2 2 



8 £ 



C aJ 
o > 



8 *tt ° G O 

"C +3 g 

8 g § i g 

G 



2 - 

~ S 5 5 



(4 



(0 O r - 

<u >» 2 




CD 

a, 

CD 
O 

rt 

G 

to 

<D 

JG 



, G 

' 1<N <D 

+ s 

» a 

:« s. 

T 8 

ii 5. 



2 c 
o 
d, 

to 

G 

° ^ U 

CD 5P O 

*G .p C 

-Six 

cd bp^-j 

x .S c 

«C j 
o ^ 

^ £ 



-s 

t: 

cu 
p 



<U N- W 

a s ^ 
E w ® 

2 g i 

. CD G 

>>XJ o 
G 

° ^ S 

cu CP 

CP > 

■«-» in 

CP . 

• a fi ° 

..a* II 



t/1 
U) 

in 

as 

H 

t/5 

G 
Q 

O 

Q 

55 

Ex) 

X 
H 



i2 *i +2 c: 43 



o II 1 



^ a) 2 8 * 

g g g 

■3 - .2 F e 
§.2^2 

O £ c =3 



Si £ » "2 "° s§ 

^ 1) 3 fc *j . 

.3 * ~ § U 8 

P « O 4> S ^3 




. a - o -° 
2 -2 <y ~ c 
S3 .2 



a. _ 

oj J 



to 



cdH SI .2 

o 



.2 



o 

.a 

si 

„, crj ^ 43 +3 



43 m C3 O 



v u o o ^ 2 
"> _ - C Q 



lis s s* 



a> «J C , 



S . *S a> TO 

g >»-m 43 >, cn 

£ a |^43 o u .5 

u " w o.S2 > 



§ o t 

u o 
9 



ft-* 



ill u-J 



C3 « if! J<! ^3 



^ -C 13 ^ £ ^ 
+j .£ E ? +j • 



5 2 



8 o^tt 
6 I I .a 



C3 «^ „ _. 

•g is 2 ** S* *p 

1 1 2 as S 
■2* r^as 

-.St! ~ > » 
o P 8 « 



8 3 S -m 

•^3 S ™ cn 



™ ^ 8 S « 
-- S « «J X G <J 




s.1 § 

w 3 o « 



o 








2 








."5 
























o 










.s 






<V 










o 








S3 


1 









d o 

<u bp 




•S 3 4) q 

>, " £ ft 

. o v v 

«7 *~ C C 

8 5 g « 

s | & s g 

<» •3 u «> 

fa o 5 £ 



H-s s*!* 8 8^1 

t^i r3 « .52 XI 2 4? 0 
M nJ *^ — i ••-* a 

^» • f-H 




2 S-S o 



•2 o2 5 



■tt -s .a £ ? ^5 =; 




" ^ S s 

•■g "g ^ -a 3 S 

CO rj +3 C jQ 



rt ° 



« 4) u ?, 

5 43 ^ 

o +*> ^ 

4> 



u 



8P.a 



_ S-t ^ 



™ cd w e 2 " .2 

c4.a*Jc c - w 

CO 4> -4-> 



5=c °^ 



• o £ 

£ en 



S .a-3 § .-S G ^1 1 

r«c § *** ti ^ 43 a 



S 2 -S 



00 



c/i 
W 
c/l 
in 
W 

O 
Q 

S 

Q 
< 

d 

w 
s 

H 



c/i +■* en rr- 
4) C CM 
»- O O c 



'A 

3-1 J* ii $. 




v© 
CM 

I 

to 



0) 



•a XI 

5 « 5 

rt C *^ c = 
w « g a s 

8 b * " ° 

.a _ .a c 

r 







E 


a 
<x> 

1 


S 1 — • 


pie: 


O y 


up 






in 


II 


ti ^ 

3 II 


J5 

O 






•4-* 










CM 


.c 




1 

to 


>> 


CO 


& 


ousl 


1 


<u 




Si 


o 


ob 



4> 



g s~ fete g 8--ag * 

^3 £ £ S ,0 £ **5 n»v O 



o 
o 
d 

XI 
o 

i 



CM 



+ 

x 



X 43 -H I * «) -u .5 

5*? 2^lB 



s| §..1 § « * 



o 

o ^ v 4-» cn 
2 <y <d ~i a* „•£ 

5 a* g « S ts e 

g * ss 



+; « ,13 S d 3 

h d ti - ^ 4) 




fi s .s 




4) 

2 o 



tn 
0) 



2 



o ^ o 3 IS > | 
3 J; g c: *s 3* 

g pug O Q'g d 

•2 g-g 3 E 

S 8S« g 8:11 

^ <5 o u; « © s. t3 



I 



•if 



o> o t3 i2 

T3 x .3 ^ 
•° 8'E 

x * .9 5 
* 'S >5 

a* *-o 



e e 



.2 i 
e 5 

Jh 4> 
O X 
> 

*. O 

•a ► 

o 

p ST 

ii 
H 

. <* 



3 

<u ™ « f tS 



03 



W S 4) ^ tf) 




>* 

H 

p 

Q 

O 

w 
o 

& 

o 

H 

K 
H 



O 



o 

(A 

G 

4J 
<V 



4> 



00 



8 



■ 4) 

, » „ ^ 8 * 5 4> 
^ « « £ ■ 



o 45 



CM 
00 



c 
o 

I 

'£ 

p « 

4> 4> 

ll 

o o 




CO CO 4> 
CO V-t 



to 4* 5 S i -3 

O > 4> rt U ^ 3 

Bl^ H O 5 fl 

4) CM T3 ° W 



5 ^J, 



4> 



o 



S-a SB 

^ « 3 o« s y . 



o «J 




oo 



•J 
< 

H 
W 

o 
a. 



Q 
O 
aj 

H 

'O 
UJ 

ij 
w 

w 

H 



J5 • O o 'M 

S s 5 > w s 5 

•i 43 _£ to O ^ 
o ^ ^ ° 

c B - S • S 1 - 

J B aJ |lg 
3 g 8* 2^.2 

« c 8 3 2 o 
8 8 * a ° 

v p > •£ </5 

£ w §j>s 

. 'O <u C rt +3 cd 
£ -3 o> ,22 o 



.2 ^ 



<L> 



0) 



0 u 



3 



5 

a* o 



^ C u) M-i 



o S 

c 0 

O o> 

o 

C (/1 

> 3 

to 

■3.1 

g 8.9 c 
■|-gj 

r* ■+-> 

« ^ c 

w g O 
Q) K d c 

6-3 © .S 

•s J &g 

C 2 <u ^ 
4) ^3 . +-» 

-til « 

0) V) Oli 




H 



r- 1 

U 
P 
Q 
^ 
O 
O 

w 
% 

D 

V) 

O 
>* 

o 
w 

X 

H 

W 
DC 
H 



00 




P 2 C 

t ^ 8 



w 

< 



cd 
© 



c3 
O 



3 v « .52 -» 
H .H h ^? 5> 



•r: CLi o - 




^ Sh_2 if ^ ^ 

R (/) O -i-> 




00 



h4 

< 

H 
H 



O 

Q 
O 

H 

<J 
[x] 

W 
W 

s 

H 





H 
i— i 

> 
»— t 

H 
U 
D 
Q 
£ 
O 

W 
CU 
D 

CO 

O 
« 

o 
w 

B 

w 
w 

H 



VO 
00 





<D Oj # 0> <U 

g 12 > ~ ~ 



c/) 

'a 
s 



c/> 4) <D t/) 

£ S § e 

« « " fc 



*o rt C 



> o oil P+J 



is P <s 

5 -5 a J y ^«.s-g E 



3 * ^ I ! =8 



5 B £ c g .sq * £ 



t B -g 42 * «2 4i & £+2 S e 




a> S c e « rt o 

-~ g § 



o 53 * g\S & 



O Ph 

3 js c y .2 .5 S -c 

23 £ +3 S3 



'^2 <2 § g -d 



ate x> v -v 3 



8 & 3-a:§ 8 S 

8.1 

3 I 2 * » .S3 8 




H 
U 
O 

a 
o 

e 

D 
in 

U< 
O 

> 
« 

o 
a 

e 

w 

H 



00 
00 



3 



G 4> 

cr u 

<u o 

-4-> •+-> 
G C 

s s> 



4- 



I 







■8 










■8 




( > 


divM) 


■Hdiv 


ud 


X 










i 




1 



c 
o 



a* 

a> 

bo 
c 



4 



3 



o 



S 

(J 



I? 



§ » 

.2 ^ 



<U C 4) M 

a> bo 

> o a) o y 

S «- 52 P 

* S » log » 



I 




S 4) » « fi 

.gog'S.uS-o 

* * g -» § J •§ "' 
.a I a s « 

B fa el 

s: § 4 )S, ,u .s3WE": 

3 'g "E ~ ~ a « 



IMS 8 6 

^ .5 o ^ « o 
S *o> « 9 c ° 

2^ o rt -2 5 3 

5 w c d to o 
P C <w § O 5> 



^ 3 a b -2 ^ 

I «> 4> g cd 

S .§ S a, 2 8 tS 

« g 3 ~ > 

« £ O w 

o 4- S <u^13 ° 

-S - ^ 5 .S > 5 



b ^ ^ ^ 



c/) 

e 

D 
O 

p 



CO 

W 
> 

u 

S 
2 




e 

<y £ 
c ^ 



ag 

v c 
u 



to 



C cj S z $ 

43 -m p « M-i 



o o 
.3 ^ 

£ co 



3 

H 

O X) 

§2 

b .s 

° 4> 

EH 

o » 
a 

•S3 § 



'•Ml 

2« a 

U -G +3 
O -i **** 



O £ 



0) >> 

>> e .ti 

<u <u ° 

gx « 

•a 52 g-o 
S.8| | 



S3 

GO 



W 
H 

< 



00 

o 

c 
o 



GO 



I 



U) !A 4) O <A 

5 c 

> d o v > 

CO Q-i °5 Tl 4) ^ 'rn X 



O CO 

C C 
o> o 




5 



95 I § 2 

J3 3 *S 43 



cr 



y to 



.3 5 



— 5 to *S3 
§ -g » -2 8 

■S g JS Xt > 

8 **H g 

.3 ^ "S ^ 

W c CT42 
-T3 < fen w 

a 2 2 t5 
■ 3 "S ° -S 6 
Isl 2 

Ph 43 m-i 



•S ^ ^ 

bi X 

=3 § U 
^ u g 

^ a 8 

rn >^43 
T3 33 

CU 4* 

x) $™ 
1j ^ 3 



ts>- 

s 

a 



(4 
-*-» 

B 
o 

O 

3> 
T3 
C 

o 

a 

CX 



E> 

o 

O 

X 



I 

in 



3 



e o 



X) 

c 



& J 

*3L o ^ 

a 5 6 

§ X) 53 

o «j C 

« <u 43 rt 



o 



5 OS 




H 
U 
P 
Q 

O 
U 

w 
fa 
O 

& 

o 
w 
w 

H 

W 

IS 



o 

ON 




.J 



00 



u 
(3 
cd 

CO 

C 

o 



^ N e 43 



OS 

bo 






73 
B 
at 








+ 




4; 






T5 


*» 


ii 


J 




2. 


II 




from 





o 

CO 

> 

C aJ 
43 



to 



in 
& 
O 
H 

O 

0 

o 

g 

p 

c/) 



i 

to 



b 

J, 

+ 



k 4) ^tf)^ 

£ S3 3 

cd p_ 



00 

I 

to 



.at 

3 



« II 
CM o 



<1> 

O O 

K S 



T3 
C 
cd 



.S3 o 



■3 .§2 




+ 



.^H W U " 

us *° S5 2 .S Si 
"So" . « 
^ ^o; . .3 

* '~ ° <* -a 'g 

•2 42 " "5! 01 - 
§ b S o M 

h0- O p ^ .5 

i. 



I* 

3 



to 



— |<N — |CM 



X £ £ <i> o 

"IMS- 

V 1 8 g .S | 
* g g 



x 3 



fog 



On 

I 



I </> en 
S +3 43 



tuo. 

1 



o o Q S 3 

C J 



0) 

8 3 



S 

•S ^5 To 



- -Ml 



g (A 



cd 
> 

cd 

E 

x 
o 

u 

a 

§• 

43 



I 3 



ed « 

. L- A 4) ^ 3 



CO 



bo 



^ ts ^ 'C 



St) | cd § 
° "> S £ ~ s s 



c 

3 • 

-*-> 
O 

a 

cd 
a) 

I 

'ho 

<v 
C 



+ 



o be 

'3 



I 



0) 



4) <n « ^3 

-I 

;£ « S ^ 

a 

" § <u «3 *; 

.ti _ ed J2 

.2 ^ 

c ^ 
o 

U (0 



-CS-Mf— £ u * 43 



t/T ^ 



43 o |ft o r> 
P ed 



=1- 

2 cd 

s e 
§ e 



O oi 



^3 

c c 
p p 

43 43 
C g 

o o 



gs 

0) - 

tuo to 
•O 6 



» ^ 



. , | 

S it 
~ E g 5 

p >» o t! § 



13 
O 



ID , 



<D O t-i 4^ rt to i- 



4> 
T> 



£3 P I-< ^ 

2 3. a 



bo ™ 

.a « a S •§ 
•s s 



§ E ~ g rt * 2 



t 

to 




H 
O 
D 
Q 
^ 
O 
U 
(si 
W 
a. 
D 

CO 

fa 
O 

o 
w 
X 
H 

UJ 
K 
H 




to 
I 

lO 



p 43 



to 
3 



+ 
»— * 



3 



s > 



8 . .. 

8P •» -a J -g, a 



_ O 



v t« * T3 ^ 3 
G C 43 43 u) 




lO 



S .. 



"S 3 a » a e 

•8 .9 43 fl w H 



14 



W I 



II 



to 

3 



I 



o 



jd 
'a; 



43 



O 
0) 

c 
o 



43 
13 



<L> 

-a 
a 

cd 

J5 
E 
p 
c 

Id 

8 
o 



>> o o v >> 



8 1 S S « Q R 




5 S § 8 3 



•a 

II 




" 612 5 - * 
I a § So 



25 § 

m 43 
8 G U 



1^ 



« O ^* c! O O 




+ 

to 
3 

» 4- 

i - 

8 J. 



o 

2 

o 
o 

■c 
ft 

s 



4) 



111* 



O g t-i 



1 

^ g-g & 

fi 9 B g 

^» ** -A 2 
£ 8*8 ■S 

t< « 4> 0) r; 

' p so S £ 
g c p o 

8£ .- 

S3 -a,? «> 

rt £ c S 

S g S3 « 

c/) ^ ft 

1 si* 

•Pi* 

C h"§0 

<D HH « P 

'-g ~ * 

o**c o 



Si -fi 

I* 

o 

•§ v 

o ° 

1.8 

J! S 

J > 

?* 

o 



a 



o 

G 



b 
3 



II 

r 
44 



SO ni 



I 



■8 -ill 

■3° * 



43 43 



=3 £ 



J5 




t/) t 4-» 

£ ft oJ 
° &43 



G 

D 
Q 

55 
O 
U 

w 
o 

O 

a 

H 

w 
x 

H 



3. a 
s 




y . . . 
+-> ft^3 O 

,5 « tl ^ ^ 
3 "S2 S S c 

8.5(2 e-3 

s -a • 

•o « ■S * £ 
a o P ♦* o 

?> ft a ^5 

B ► ^ 

al«li) 

Hi 5 

•S 5 ^ ^ ^ 



2 
© 



© 
(ft 

GO 



© 



HI 



CO 



»- S 2 n 

1 «M O -P ' 1 



s2p 



4? 



**i TJ bo 

* § o 3 tS 
o 



.2 .s a 

p Ji 



J,«l r< ft 
■5'S « 4) g « 

^.^-^^ 

^ 8 S8 a 2 .s 
i- c «> *a -f- t: 



a, 



$ -3 
o §5^ 

■a Sfi * a 




6 & J 
S S -ft 



O 
fi 



fi Q. 



■§| § I s g 
si^-fl If 

| | g g | J5 
a) S 8 fa H 



-< 

to 



J5 

a 

s 
c 

I 



ft-9 g .« fi g 
S <u g 43 .2 *~ 

0, 43 g ^ "g C £ 

43 ^ 5 -t: 2 oj c 

ell t 8~ 5 

a S ^ ?< t 



r 



3 



* — * c * 



8 " J>£ 
S'S^ g 6 

o *0 .S 
8 g s 

jo rt « g o 

>>E p e e 

. g «j g 



1 

CD 



cr.2 

0> CO rj y 

CD .j 

a 5 ^* g ^ I 
c o o < 
P C jg © ] 




r < Si -f? 



4> 



6 
o 



^3 b ftj 



it 

1.1 

.O 

-v g 

aJ cu 

c ft 

a) 4) 

r -a 

a,, 



o 
< 

H 

w 

c/5 
W 

u 

W 

a 

to 

o 



— X> 
^ 4) 

(O ■ 

,^ p 

O o> 
4>^ 

-2 e 
5 8 
.a S 

a - 

o . 
Ou cr 

to +j> 

s 

CO »— ' 

**ftS 



bo <u 



8 



.S3 



g -p — o > 



4) 



O 

^ c «g 

p £ ^ 

«-d c 



x! a w p 
d x iiL P 

S V c 1/1 
-3S £ | 



CO 



XJ 
P 
d 



o 
P 
X) 

c 
o 

o ^- « 

_ d a) 

13 «-g 



o> c £ to 

8 8 

y <-> 

s 



s 

c 

4> 
X 



CO 
0) 



4> 

> 

d 



<L) 



I 



cr 

0) 



2 8. ST 5 g q> o 



c 



^ 0) 

o 

58 



>> a> 

P MX 



8JS 
E 

S3 ^ 

P *m 4) 

4> 

+J Ui XI 

^ S* 5 ^ <-> 

sg.21.3? 

<y "> o 3 



o 

s 

X! 

H 



to 







■ 

T 


































^ 




) 






































>* 












• 






■ 










































ft ? 


i i i 


i 1 


1 1 


$811* 



5 

2 

a. 
B 



1 N v 

i: 

bp C 



II 



^ ^ 
O ^ "> ^ 

w C O ^ 

> g ^ 
• +j o - 

0) u t-. 

8 w 

5 | 'I | 

C co 

S X3 co 

<t> C C 

2 S3 rt "3 

e u rt ^ 



l-i o 

1 8 

A S 

XJ $ 
cd 

c ^ 
a 

XI 

<L> 

X! . 



<D J-h CM 

0) o txo 
CX. ^ jr 1 

4) A ^ 

"2 ° E 

*-< . 4) P 

°: I 

S R 3 X 

On o « 

5 ii a 6 



4> ^ 

p . a 

4) v 

^ CO 

»h o 2 

S-m CO CO 



O a> 
o 

XJ OJ 

x) 

4) 
4J 

Q, 

4) ^ 

^ x) 



H 3 

•- , a) — 
.S3 xi 



• i— < 

4) X) 

8 8 

a> u 



2 S 
2 i3 



u 
p 

XI 

o 



JO 

13 



4) 



CO 

S .3 to a 

" <d >-2 
£ # 

s! CO 

is « y 2 

X) 

r C C 4) 

9h rt o j3 
<J o 



TO 

Ui 4> 



s, « 

-.1 
„ s 

' 4) 

cr 4) 

4) Ui 
O 

o « 

•4-* XI 



C h u -u * JJ ^ 

0) 



<N 

J. 



o o 

Ui Cft 4) 
4) Cfl 



S ^ I vi 



■4-' ±j • i-h rT *» 



c 5 

4) _ 

p S £ ^ 



o ^ ^ ^ xj t; rt 

4) a? c s ° ^ 

boC! Ui 53 to g 

S S .3 o £ c^x) 



x 
o 

+ 

VO 

d 



42 ^IS 



4) <D 



O 2 w Ui 
CO U 81 .5 H (J 



s 5 



v ts o\ 

I g s 

3 • s 

« to 

^ * g 

° *i w 

IS". 

C w R 

ill 



a . 
0 W 



o 

I 



& 

a 
K 




H 



H 

U 

A 

§ 

w 

to 
O 

« 

o 
w 
w 

H 
W 

K 
H 



O 

o 



XJ inJ 
41 ^ 



Ut -4-» (0 Ut 4) 
O « 4) u 

Ui 



d 5 xJ « M c 
bo g ^ > « 

C j w - " 11 

S « S 

to rt ^d 
C X3 w 



■g 4) Ui 

O u. ^ 

d-Sgg^lSc;^ 



•£3 

o d ^3 



o a> _ 

c U ? 
rt 3 d 5 



5 +j .2 



4S1D ul^ .y 
S 0 3 s5 

C. TO 

P 4) C 

O fi J c 

c o ^ o 



4) 



rt d •» J § v s 



_ S W S.^ 4) 

B g g §, 



•3 g 3 p w> ° > J II 



d ui *£5 *C o rC 




c 
5 



bo 
rt 

"55 



bo 



.t: 4) 



>> 4> to c xi ti 

J2 4) 4) 

8 * ^ g 4> c 

„ 5 -5 -a 

<2 ^ 42 ^ ^ « -9 

d 

P ^ 



Pi _ 

c a.S 2 

S Oh oi! 5 S 



5« 



- ^ 5 * 45 » 

s -g II s s « .s r 



2 Srt45 l- *f(U 

h S.« Is 5 c 

■8 -a* if* II 

« > P ^ 

u. CO 



- - - N « o 

jo g Co S 

rt p « 'fl 2 

P o d S 



o 
■ P< 



d ^ ^ 

P O TO 

cr**-; to 

w § s 
Sag 



05 is _ 

uT ^ 

4) 4) O "3 

^ > * 0 

to t! I ^ ^ 



- S3 o . *2 



C u C O tt) 

o o v ** hs 

2 ^ I £ *«> 

8 8 t s '-g 

» «* -fi tJ 5 

o 2 c 

T3 S B ^ I 

-§ 1 J8 g S. 

j3 * +• a 

3 « d v 



60 g 

* a u ap 

§ tip o « 



" bo o « 

'•I 85 

* s 5 fi 



a B 





cr cr V to 0 J 

SP.S ^ 2 & 
^ cr ^ § 
>^£" 4) -P 
o* r co 

rt CM § i*. 

O ^ g 

SwtJ d XJ d 



5 < S .i3 s * f 
Q< g to o c 7 



. c § 0 3 - 
a !! o « m 
g cd Z JS *f ' 



o «> n 
S -O 5 « 



w CO 



8PI 



4> 0 .g T 

P 5J § S 

^ +3 Oi tf) C d 



to t» *o 

° g S 
.§ 4 3 

- * I 

_C <L> 

f 3 & 

^ CO c 

s 

'•3 S3 

8 g 

« S 2 

-Can. 

<l> s. a <u 

H U 4) -*-» 

00 a> C rt 

£ +j £ e 




w 



< 
X 
a 



as 

g 

o 

S CO 

^ a? 
£ * 
S3 ^ 

S g 

© 3 

1 
s, 

© 

I 




S -2 ^ 

§1 



3 8 



IP'S I" 
3 i s 

« rt ^ 
>.£ -ti 



o 

B „ 
.8* 

bo a) 
-m a -*-» C 



o 

o a c 

b * 

Jj3.S 

■S *3 « 

-I . 

c <u 

X XJ 

■is: 

: g JS 
.S so, 

c u a> 
o o 

aJ 'S 
^ 5 



: c £ -j3 -a 2 .a « 

u t: c- « g ** <u 

+5 : 



^ 5 a 1 - g, * 

S -° ° ^ ^ -a -2 



1-6 
a 

o .. 

O (0 



a § 8 

8 - 



.a M -b w -s 



3 > cd 



52^ 

ON — R 

o\ to ^ 

tO «-* M, 

in ^ ii 
oo t* ,5 
to , 

o ^ «^ 

° **J 5 

to C< 

^ & g 

-8 3 1 

§ a *S 
^. c 

"If K 

fti w 43 

ffi u w 
(4 ^ 6 



O o 



.5 c ^ c > 

^ s -a c * 



B rt O 3 

o A £ 

S 8 8 ? S 

^ O V (h 



-a 



i; «) !j t, 
^3 . _ S 

<=> m- .a ^ 2 

0 o 8 

« « o '^• !a 

1 i 253 
•! ^ "I § 

■all * 

s s * 

3 9 6 §2 

§(fl (fl W 





T3 C rt 2 

g|||8gp. 

cj ^ . 

u qo <d n 

« 4) C ft O 

a u s s - 

5 8 



8 



si* 




o o 



4) O § 



aJ 



o I 

.2S 



S ^ 

u 




8 S d « 
£ ol 

U o 3 

+J .H U 

cd a; C 

° 

rtS o c 

cr*c S*-£ 

5 a> (u o 

a 

5 a - o 

w < — i +-> 

rt « <3 e 
&>.2 6 § 

4) O W 

C -g 0) w C 

£ 55 £ a g 

f o - g - 

<u .s -»y -»-> 

" - " 

v cd t> *° w 

s ~ E 

niif 

C CD 3 3 

•175 2 b>£ Sf 



i 



o 



0) 



u >> 



"S +5 .5 rri 
^ a CO 2 T3 

w *2 w ^3 cd 

y> o o o ^ 

18111? 

y «> e - * 

<u ~ o 



I 



t 



o 

■a 

C 

CO 



o 2 





f S 

o 



£ m S 

<u « l 

*~ ■» £ X! 



o a 2 



<U a; J ^ cd 

o cd rt £ 

« Oh ^ s a s 

4) 3 rj O ^ U) 




; s £ $ .2 -c -5 



CO Ci> 

C O 



cd CT-M 

0) 

c o 



£T C ° w 

■a | 

2 c S o 
.g ^ 6.-2 

I I I & 8 & S 




1 sl 8 -It? s^-S Us 8 . £ 



cd 
cd ' 



s2 s S w • ii g I 



Scd 
tn 

4) c/> 



7t 



cd *0 fl • 

o.g-8 

O S 

^ <o 



.^5 



« ¥ S o.^. ^ 1 _ 




00 

to 



o 



2 
o 



CO 

<: 

H 
U3 
33 
H 

fa 
O 

CO 

O 

< 

>* 
p 
o 



H 




T 




e 

o 



o 
</5 



- I CM 



4» « to 

5 h * 

2 • 

5 «5 1 

» « * 

C .5 © 

0 XS o 
o C 

*i s <i> 
« *j S3 

1 q £ 

2 4) 

3 3 ^ 
* "§ -5 

o rt o 

6 CO 

.si* 

851 

.2 2 * 

o c en 

g b 6 



Si (° ^ 
H H 

s « v 



5 

a § £ 

8 « M 



o 
c 

bo 



P * g» 

S 9 * 

1 c * 

il ■ 

5 p 



7? o 



a) .5 

.25 u 
bo o 



+ fl 1? B* 

.. M 0 *l 4 

t*. o © o o 

' *m »~ 1- 

I x 
a i 



XXX 



O 00 00 
© \0 vO 



1 § 



o S . 

S 

c c 2 

Is* 

H ^ ti 
X ^ & 

E -5 3 



bo « 

S3 

s 



*0 vo 

S a 
cu o 

s h 



J.2 



+ + + 
P. P. P. 

« « #» 

o o o 



X X X X 



5 1ft 

I I 



O 



M u) in 
to to 



It II II 

^2 # O* 



be 

M fl u< 

>» C > 

'S 5 O 






H 

> 

H 

O 
D 

a 
o 

w 

D 

CO 

O 

O 
W 

H 
U 

H 



00 

o 



ct> 



•OH _^ 

10 

o .S3 ^ 
a) rt O rt _ 

i II w a) o g 



ait 

S'5 



O cD w; 

-m *2 13 I 

£ <u > > 

<D C _ 

O <U ^ 



v o * ^ 



o > 



CX +j 



S -L 

4> 



53 -2 ~ 

3 rt tS +J +! 



o 

u 

a> 

M 

.S3 



- ^ « O rt 

X ^ « -C 

. ■*-» & C „ " M 

c .2 ^» 4S 

3 S3 rt » 



-i-i 2; 



8 



■S3 in a> x - 2 * 0 



bo o 
c 



' 5 

.>> a> j" a) 



•2 - J! -8 ~ 




8* 



1 5 



- _h -3 



{< S ON ^> C ^ 

a ^ O J. P 5) S3 ?I 

s 



R z 



o A * 5 S 

O /\ m <~h a« 



cr 2 G w .b ^. 

O u > , ^ 

0 S^^el v 



7, U Ah 

^ 3 § :§ e 

> ^ ;S -5 03 ^ - 

-S -h E ^ 1 ^ > 



o 
o 



o 
o 



is 6 



4) G w ^ -9 



2 rt 4) -C ' 



o cr 
« a* 



o 2 0 

S x — 
C a> 



§ 0 

3 ~ 

a> a) 



00 w § 

C . CD 

- t/J CO 

8 ^ ^ 1 1 ^ 

CO <U ^ .> +- 

w .S J? o K( 

^ s fll ^ 



M CO 

E 



M C Cy — . C\o CO 

S3 .2 2 s (Q 
cd . a) J) 



A o I p w S , .0 a> 



C 

CO . .2 

CD 
CO 



o 

u 

a> 

M 

a> 
u 

cs 



• .2 P s 

> v» C 

^ Jg ^ 



o js .5 ^ ^ c m 

CO 



,3 w w n 

o ^ a,. ^ 
S & 0 S bp 



a, o 

* I J} 5> 

S P c c 
o 



3- 



a> 8.' 

S 6 x> tf ' ~ w. 
bo-M <3 J3 



0 s 

a, 5-5 •* 

C c 

- <u 



a) ^ ir 

— ; O 



£:? l « > o e g ii 



1 O 



ST"^ _, w « w 

> 2 o ^ 0 *g « « , rl tt * - 



« a) rt 

*0 +0 U LO 



^ a> O 



4J O irt 



6^" 



- to 

1 s 



bo CO 3 



2 

'oJ 



c 



c 

CD 
T3 



o ^ ^ T) ^ c*h £ 



f-j jC CO 

8 .S .S - 

■ +-» CD CTl 

to * 

_ 3 • 

ex 1 

0) _ f-» 



I 



§ w 

o 

P • 8 

o oj to 

CD 



3 <u _ 

■■^ O tuO 

■*-• C 0 

.-a c ''E '"S 

c c <-> o 
C o u 

c S K v 

D 

to O <u 

a as tJ 8 

§ g^2 £ 

cx, 



00 



~ -.2 



3 3 





or"" 







































o 
a 
o 

3 



fcuO 
C 



8 



a 

3 
</) 

a 

13 

c 



o 



(N 

X 

tub 



S.B ° 
S? >^ 

VO C <l> 
g 

^7*1 



bo 
p 



o 



. . • < — < a> 
HO 

— - •+-> 

y V « 



SI o 
O HH 

Xrt 



O 

SLoo 
o 



3£ 
js 
It 

I 

£ 6 
c 2 



CN 

to 



Oh 



bo 
c 
W 



c 



i fi 2 
-*-» .s 




H 

O 

Q 

O 

2 
8 

D 

C/3 
fa 

O 

>* 
cti 
o 

X 
H 

W 

IS 




TJ **3 

O ° 2 P 
O « C O 

if si 

'C 2 j) « 

5 -m _ a) P 



a 
w 



a 

H 
W 
55 
O 
< 

a 

o 

H 
i— i 

« 

w 

X 
H 





H 
U 
D 
Q 

O 
u 
04 
w 

Oh 
D 

O 

o 

W 

X 
H 

w 

X 
H 



- >>T3 C 4> 



S o 2 S 



I - ° _ 




^ E 

o 



4i 



jj - 5 |~ u,-| £ I 

|6<: S.S-J s J 
£ KB .S 5 ;£ 



c 
S 



5S ... 

O > — • a> 

8-3 3 & 
S fS -c ; • 

• S « 6 : 



< 

X 



2 
o 



© 



GO 



ft P X ^ QO- ^ 



^ D S t rC O 

sS «* I 8 ■§ J5 

<u rt 2 <g o 

„ c > rt .£ 

+3 o> t3 ^ 



8 5b 

P 0) 



CO 



4) 



„ <u b 

8 ^fe 



<L> 

o 
'33 
> 



8P 



S art a2 „ w 
^ p > a v « 
in ^ w ^: ^ 

ri fl> M 

\; .a -c -y rtl 

y .t: <i> > 

« en J8 5 O 

^ *S ^ ^ a ^ 

o >, i 2 §73 >> 

h .5 ^ T) ^ w 



vO 

to 



E 

s 

X 



■4 



O 

s 
u 



u 
w 

DC 
H 




VO 
I 

00 



l 

00 



S3 
Q 

O 
cu 

D 

CO 

to 

O 

> 
ft 
O 

w 
X 
H 

w 
X 
H 



o 



=3 
S 



(2 



«0 
u 

u 

d 



So 

VO 

I 

00 

CO 
0) 

*C 
« 



o 



> 




00 

<u ^ 
u 

O X) 
00 



§ J, 

s - 
S * 



n sh *s T 



2 10 
^ SS 2 .2 ^ 

. a) 



rt O 



'no a) « bp 
u "33 o o 

O rr^ ^ ^ H 

> -ft u d 

„ bo « ^ 

8 -bg 

■*-» ,c h 

d bo 3 cr 

> ^ > 

.55 ^ 
h o ? 



:! 

d 
o 



c 
o 



00 

I 

00 



I 

00 



I 

00 














o 


s 




1 

00 
i— • 


+ 




c 



£«3 



O 




Q 
W 



H 
W 



< 

o 

H 

Pi 
o 

w 

H 



.a 8 
I a 

5 co 



00 



s 

o 



8 e 

85 
S3* 

O XI 

trf 

u 

CO O" 

43 E 

co o 




« ^ 00 

^- — *T! 





T 



ps 5 

2 ? 
■2 -3 



5 * 



a 

ts .1 5 

3 !> g 
o cl 

ft) " 

*o A ■© 

B 5 
O M .o 

o ° 

•2 5 3 

* s 

^ "2 » 

* « S 

* | I 

bo 3 oo 

if r 



00 

"I- 




So* S8 > J ~ 



>* 
H 
»— » 

> 

& 

Q 

55 
O 
O 

w 

D 

V) 

o 

o 
w 
X 
H 

w 
x 




O 

^ a o 

.1 § rt l §^ 

3 «> .2 .b «2 »3 ST 
E^-Hvo g.§.g 

<u g .a . 7 T3 m T3 



cU 

no 



_ S 2 « °£ m 
.5 4g -m b "B & £ 

O H C +■* ° 

" - 2 
■"SJi 
'8**- 

1* 



8 8 9, 8 3 . s 
8j2 

« 8 S 2 



i 



&3 
o 



cr 

to 

E 

o 
H 



i 

oo 



0) 

E 

0) 

u 

E 



3 

s 

O 
-♦-» 

u 

S-i 

CU 

H 



0) 

u 

<L) 



CO 
00 









ST 


and 














have 3 




5 


m uni 



CO 

> 

"I 

bo £ 
c 



ii 

o 

&3 



bo 



as 



0) 

> 

3 

E 

E 
• i— « 

3 

l a 

as c 

O 3 

8 ST 

> 

bo O 
S ^ 

'2 

CO c 

cy .5 

b-E 
■S 8 

•t: S 

-a ° 
b ~ 

(/J 

^ bo 



bo 



^ bp 



c 
o 

0) 

to 



a 
o 



§ 

c 
o 



1 1 b°s 3 

2 § 8 $ 



2§«bS13S.S? 



43 



2 
o 

Co ^ 



o o ^ 

° 3 CJ 



—J* O r/i (ft •« >H /^.X! 

aT o 
bo 



I 21 ss . . 

^ we b°£ g £ - 
t5-5 h b § S gf| 



: m c c 
.S *h .2 0 

•B O *J . 

<- a 2 

si 1-3 

■e -B o . 



8 g S sS^r^-s 



bp 



6 



^ S 



bo". O 
q <« c 

, y bo"" 
cu C x) 

X oj C 

•§-2-2 

5 § S 
'5 8 g 

fit 

£ g £ 

4> Ctf c3 

.12 

H S3 



i ?■« &- a . s & 

q »h . -m = I ^ c 



<D *° 

5^ s w <y 
15 



a? co m « p 2 

4J « .5 <N — ■£ V rt 



| Go- 

C cm 



5 co'S 
a co 



O 



6 I ^ 



S § ft ^ 
o 

u D <d u 

3 o <u 

to 



4- 3 



ii 

■S "° -s fl 

— a 2 « 
g > * H 

5 < -d 

6 * oo ^ 

<a > ^ > 

.2 c^w cJ . 
t; 3 cm cs u 
w . h $ 

a § ^ rt & 

2 . « .S ^ 

^ w «' •§ 5 



5 f § ^ c 

* JS -3 « -2 



tH O U 




ml* 

1 I 1 

W O OT) O 

o ^ 2 C c 

0> +» P 
_ 43 — T3 

S*i|§. 

.a .5 ** 





3 S^g) 
I ° g 3 5 

.3 +* _2 Ul — 

o > &> 2 
u o ^ ^ 

O >> 
P ^ 





g 5 ^ R -S3 



^2 

O " 



o ^ 0 

bp 



I .a 1 § ~ S 8 ° §* « 



hp £ jg | £ 3 



§1* 

y 6 © 
3 

5 .3 ■ 



CO c 

^ .3 



E 



3 



8 3 



•3 



I 

C 8 E 5 

C H fl *2 2 ,a « 
<l> C S3 _0 C 

<0 S " w O 

g * SI'S « x> 

.S- S jj 55 °«3 8 
S 8~ « 3 

^ -a * « -g s .° 

O 2 5 n 



c|«ll'S5| a § 




* § .3 15 -a .s 

> cd ? 



fi « C ^ 



o > « - bo C 

o .5 



n 

o 

bx>*B 



■r- 4) f 5) ^ 

^ g«£ S ri p " 

S3 



B-6 



.3 
£ 5 « 



Si 



o 

$> a 
8 .S2 



ft. 



o 



N 
ft, 

•— > 



Ss I § e 



h t t) h h 
O > «A 



^ 

P ^ 



3»3 
a* 3 g 

JS > | 
*c ^ 

5 8 



•is 



• 



8 ja c „ 



i 



1 8* &>°- 





S3 cy 



e S 

Cj 1-4 IX 

. u O 

!^^°^^ 

.2 g fe § g 2 



3 



53 ■? ^ «i 3 B 

tj " ^ 8 .2 

e ^ 8 It* 

.gjg cf « « 

>>.H 8 II ° 



o -c 




0J'? 1 2 §22 C r/> ^ CD 



8-s -S 3 -g « 8 
^ !! g 13 & 



>>I3 
(§•9 

ft; o 



o c 

S ° 

c 'S 
o c 




0) cy m-i 

TO 0« ~ 

•S -2 g .3 



.1 "I =3 ■« * - 



6 OStnw, o 5e P IS 




13 



00 

in 
o 



T3 C 

.2 <=> 
go 
6 II 

4) O 



a) 

a 



2g 



-S 2 H 5 - ■ 
8 ~ «> £ • 

3 4> O I 

.ti £ 8 ^ 



a) u, o v rt 
^ O -*-» o ( 

4> 4) oi 4> 

«>" s a . 2 £ 
.., 2 8 fi J 

So. ° 

« c 

^ P. a 3 -° 

o) p C a) o) 

j3 &HH ^ > 



o 

<L> 

5 I 

6 ^ 
•B & 

& o 

4> $ 
— , ^ 

C 4> 
3 43 



^.<2 

00 >> 

o 

H 



4> .(H 

O C 

.fa «t 

.§ .S 

C ^ 



$ £ O _4> J- ^ « 



bo 



> cd 43 <p i> 



^ o 

<D 43 

Si 

•o - 
IS u 

*1 

8.3 

4) 



^ 4> -S2 3 « .6 ° 



C 4-* -rH (J) ,3 X) ' H 



{Si § I rt ^ 



IXOT? <M 



'3 I-£ 



- p 5 e 5 » * 
2 „ spe' " 

(N| ^ Cj 

^ £ 8 '8 3 



8"8 



i2 ^ 2 



'O ^ 
T3 a) O O 




Ox 



°« - s 

<o .2 — 

& is 

5*3 
^ I. * 

"2? 



rt ^ 
■ bo 



"2 § 



.5^ 

O O h3 CLi> a ^ ^3 



las 
1 -s •§ 

J &s Be 



in 



•4) 
43 



{2 is bb| 

5 



0) 



3 o O £r O 

^ S -5 ^ g 

o o 

•a -ht - 1 



§ 

0) 



„ O 33 

a S 1/1 <u 
o 



• - ^ 43" 'g 



8 ■« a> « 



=3 ? 




O 



13 

s ° 

o +-» 
E 



_ ' o) 



a « © 



a 
o 
o 

0) 



§ 4) ^ 

o « ^ ^ 

ft o >> 

«3 — O 



o o 



g 43 ^ ^ £ 4) 

o +i +j o> 55 43 
.rt O ^ j§ ^ 

'S'g 2 rt . 



4) 4> 



0) 



0) ^ 



<i) 



^ «"c3 43 

^ § rt - - 



p 

hs 43 
^ cm ^ 73 

w ^5 4> p 
£ ttf) £ 4) - « 
C ^ 4V-M 

ry r< d 4> rt 



4) 



Q. 4) 
^43 

I 8 
2-2 



4> 5 -M 4304J4JU w 



s S 8 § e 2 



n) g rC 2 flj 
^J 00 ** 0 Jo 

S 5 .S -a | ^ 



« S o 

t O 4> 

b g -ns 

S«3 to ™ 

* 2 feu 

.O C ^ H 4) 



"5» 

8 » 6 2 S 



4) 0> Z 



S-*' <n g «« 1J £ 2 2> </? 3 



4) ' C 4> "3 

+i ^, x) V v 



5 ^ 



4) 

§.2 i 8 



U 

4> o 



..bS 5" 18 8-8 



bo 

.s 




■a 3 & . . s p ~ o » F E 



§ -2-vrl w ° ilS-all! 



4) 
U ■ 



^ q <u ll 'd5Sd^L d - 'vOt3 
S c<2 « S^^i o «) 2 ^ 



N 



3 



a "°.2 2 2 5 « o 

e ii -s I § s ^ c « 



O 4> S ^ 
P 43 E § 



e g 



to 

CM 



H 

CO 

t— ( 
P 
W 

9 

w 

H 
H 




2 



X) O 



v <u 

15 5 2 

^ * a * 













5 


> 


\ 








c 






















JO 




ts." 

J O X < 


• 





















3 
►C3 



•f 



^* 5 & C 

b - o J| 

f I °> * 1 

.2 o - £ » 

3 ^ _ 

« 9 -d c 2 2 

§ 8 3 

I S £ 8 T 5 
I 6 



to 



2 

4 

0) 

I 

O 
ft, 



S 3 

(0 £j 



* SI'S ^> 6 
II .S £ j2 ^ 

3 X 2 -8.3 

j= r=- -CJ on ^ 

<u 41 

<U g 

° ~ p 8 ^ 
| ^ iS ^ s5 * 

0) 



O 0) «m bjD_J 



_ O 



3 3* 

c 



o 

o on 



•2 -1 

mo ? 

I 



"1 &S 

8L_g II 3 s 

^ ri q c C3 ^ 



bb 



o 
6 





V C S "*"' 

uip^cs _ o +-> -a>4)'oo 
O X2 "3 u^^jS § -*-» 



rt «i & c 

B 8 § S e 8 
6 ^-g 8 

ill 

t3 o 0 „ 

s * ^ § 

<-> * <u 
S 8 5 

ffi 4) « « 

^ -O A -Q 



^8-o 
J? en c 

CO 2 

43 



2 « 1 



CO 

43 « 
$ B - * 

3 -r- , 



B 



^ * 5 4! S 

5 2 o \! o 

> G tn en 

CO 



00 
■ »• 



. O ^ 



i 4J J3 TO 



« s § 2 

f S -S3 1 « 5 



l 
1 



c 
O 
< 
6 

§ 



X 






< 


















o + x K» 






\ 

\ 

\ 

\ 








— * — 
\ 

\ 
\ 
\ 



0 
O 

V 



g 

Q 



3 



J5 o 

5 1 



a 

cd 







■ *? 

c 

d 

i 






c 








o • ^ 













c 
o 



c 



.1 z 

I r 

.2 ^ 

u p« 



.2 



K3 

I 



to 



W 
H 
< 
H 

t/3 
W 

H 
< 
»— • 

Q 
W 

W 
H 

W 

x 

H 



a,) co in 
oj CX Co 
£ *J 43 C X> & 



o 
o 



3 
c> 



eg 
Ci 



Ci 



CO 

Ci 



c 



c .2 

O 0) 

*3 





o 
p 



3: 



* s 

.2 £ 

*2 — 

n) w > C 

^ ^ O rt 

"£ . 

c | £ S 

9 ,4 



4) 



3 4> 

a? 

a s 

o> hO 



.5? 8 



o 0> 



o 5 § '8 fi 
rt cL-S 43 

coxi 

C cd 

8 g 

t 43 ' 



I (L> 

. 8 " 

&3 * 5 

*>| S3 

5 « "3 
■5 5 > 

| 

s 2 a 
3* a 

c c£ 

CO ^ -M 

8 2"" 



£ 43 
> 0) 

y o> <2 

•8 i * 

o 

C « 4) 

p , 

<u 4* .Si — 
o ^ © -2 

.2 .5 <S £ 

co 

u< XJ 

0) 



=9 g 

CO R 

to co 



^5 



o 
o 



V 04 



<u C <u ' 



O <i> 



Can) 

8 &>- 



«§ -a 5 



5 ss -a -s 3 



O u 

E 



2 

13 



d .£ 

B S2 § " 



e g 

o ? 

-o o 

tj | O 

-2 ^ 

g SS 

S £ Si 



o tq 

§ § 

^ o 

o 13 



1 ^ a? 



bo 

^3 S 



1=1 sj 

<u rt X ,« 

3 .a 



-i-> a i" "ti o> C 

j« S ^ « i "* ^^.-3 3 II -3,_e 2 



• •-4 V 

|-3| ° 

o 5 4) o 

a) « c 

^ 43 X! § 

to ** H T3 

.a .C " 

S ^ - 



43 +3 w 



c _ 1 ^ 

a) cd E 



.£0 

<ii ^ CO 



0) 

2 



~ % ^-rs 2 8 S I II 3 " P ? S § 



a: 



> 

o 
en 



c 
3 



o 

s 



H 
U 
P 
0 

o 

8 

W 
CU 

(73 
tK 

O 
>* 

o 
w 

H 




^ o <o S 
B o 

■as l § g 



8 

'm =3 > 



E g 

8 "2 « « 

43 5 c sj 

rt O 43 

2 ^ oj o 

o> S u 

<3 o V* td 



43 



o2 



<V 0) 
^ 43 

cn 



O -M " Si 



9* u 43 ^3 
© E 

[JU IT <L> OJ Cft 

> ill (-U *-> 

> X; e/> to 



^ &4 A 




43 .3 



13 * to .ts 

eg -4-* 

X 0) S - 

4> I 

C »H O a 

o o c ^ 



a> <d to 

-fi 43 > 



.4 



ll S 



0) I * \A I 

* 8 = W 



CO eft . • 

4j Mi MH 



Cft 

o ^ s 

cd cft c 



C 43 



41 

5 



P Cft 

co X) 



-S 

J* o 
m 4) Nj3 

0 S3 II . 
^ 43 11 « 

O CLO X) 

(U 4-1 < O 



ed 



•r- ' CO O 

> _^ C 43 
• X) O w 

§ S 0 

§rn 

<u O o ed 



3 















9 JO ¥0 SO SO 

sally induced isothermal tran- 
normal conduction of a single 
le field strengths are measured 
ugh the center of the sphere 
el to the field. 












































































JJ5" 


k 












a?'"' 




i 












0 10 ' "A 

9 — 6. Magnet* 
from super- to 
t tin sphere. Tt 
ole bored throi 
parall 


$ 


































\ 


<S " E -a a .S ^ 




1 < 



CO 

C5 



3? 




> 
M 

C 
W 
X 
H 

W 

X 
H 

to 
O 

55 
O 

CO 

& 

W 

& 

J 

I 



° ^ O S 



^ S a/fit* 



c5 £ ~ 




4? 

0> <U 



^ Z > CO > Cd -O 



) > CO 

o J r 3 3 o ~ 

Co • c £ X* _2 

d) cd * « 'to cd 
5P1> ® § S « C 

- - 3 3 

1 I 



B 



o £"3 



3 0 « 5 pCI o 
in U !> i/> »+* O 






in 

I 

o 



C cp 



w c3 C 
Cu-O .m +3 ^ 

•a ts % £ a tS 



4> 

. ao ^ « 

co 3 N r ,H 

a Si g 

o° s s ; 3 =3 

£ S fl g 

^ "a S3 " .2 
. o g 

<n (D C >*^_ 
~h 0) C 

+-» y u) 4> a) 
S JJ o 5 * 

r O . co 

<=s 2 o ^ S 



CO 

cr 

<u. 



c .2 
o 

o — 

"* a 

o o 

s B 

'S g 



bo 4) 



no 



4) 

a' 

at 

■a 

^3 



at 



8 
g 

£ 



5 - 

C o _ 

»o +* g 
a +> rt 

3 rt ^ 

o -2 8 
2 § I 

•« a » 

S >• S 

• s • I 

as 

« 3 3 
" SI 



MH Cd ^ fi * rtl 



TO 

r+ m 



tJJO o 



(X 

w 




> •§ - -g 
— S o g 

§:| g 

° C o rt 

> 0) 



^ 0) 

y « g g o 




C ,+S cd . ^ g (X cd 



4J 43 

o 



3-S ol 8 

h o .« 

» -a ts B -6 S *s 



cd ^ ^ g ^ 

0> 



i-i J3 



§ si.auiT,^ a .s 

CX+3 ,0 G H o 
>> n _ — _ « _3 



^ '3 .5 
-8 S a 



© 



CX+3 

CO C _L <U 2 

G _m O u 

fi ^ 



o 

o 

-2 7 t; 8 "3 
.9 a?ES. 



u 

1 si 



«) * - - w 

o cd w c .a a; 
J a o3 J§ ^ 




f J o> 



in oo jo 

« CM 00 



00 « ^ 



I 2 ' 



5J o 



H 2 ci //i -m . 



2 f^E- 



-g g. S g T ^ -3 ^ 



"111 1 ^1'^^ ^.ar^c 

cd 



cd o 



£3 >> S 



O 



1^2 E SP?!. ^ 



x fl»" n c nog; 

i !&]!!:« 




CM 



> 

o 

W 
X 
H 

w 
ac 

H 

to 
O 

O 

t/5 

ss 

W 
H 
X 
W 

« 

w 

1-1 

o 



© 




l-H 

I— I 

H 
O 



a. 

D 

C/3 

to 
O 

« 

o 
w 
X 
H 

w 
X 

H 



00 



f 



3 (? 00 



8 a ^ 



1 

C 

co 

CtJ 

CX 



c 
o 



to 
ri 



.5 c 

of o 
5 & « 



5^ 



"8 "5 



S « 

"Si 

§•! 

-a « 

.S t/l 
i{| 

■S 8 



2 



A 



co 



O 



cr 

£ 
o 

u 



0) <D -4-> *»-(-» 

C C cd -Jr co 
« o o 

so.!*? 

3 - £ 
w g5 



CM 



co 



A 

CM 



35 „ §>*> 

dt*+_< > rt ?*• 

w O aJ flJ X3 

^ e CO 

S (J S CO 

2 -S o . ^ 

C §> O..C - S 

5 3 "Jl 



O O 



V 



c 

cd 

I. 

to 

-4-* 

.3 

43 

to 

XJ 
0) 
t/) 

o 

<u 



ooi2 J 

to <u 

H <u5 



ill ^ 

?1 si 

IS *g ^ § 
us 2 11 to 

g. 11 o 

I si . 

to* § > 
<u a ^ " 

<u ° S o 



■2 



8 |o' 



? si 



O 4) 

III 

s s 
^ „ *s 

^ 8"o 



if sj"| 

8* £5 „• g g 



8 



v B 

5 r < 



8 

u 
H 



?c o 8 

«D tJJ CO 

?-SSf 



? e3 



5 a a 

0) c 

B - » 

Tl *^ 

<3 o 

i-s 3 

to . 

.5 p o 

^ s 



.5 



8 4. w § r 

^2 13 h, 

•a ^1*^ « 
a c I .^-a 

O P « * 

0 g l« 

3 8 

6-° 
3 o 

S § P * 6 1 
a St* -J 

§ 15 it, 5 •< 



^ 8 - 



t 

g 



o ^ 

e3 x:. 

CO , 



0J 

o 
C 

« 

E 

a 
o 
u. 

8 

U 

<D _ 

C C 
D£ 
• 0> 

^ in 
.S cr 



X 



> 

+ 



+ 

+ 
» 

+ 

w 



CO 



•S 



E -3 



0) 



w 9 X 

It o 

CO 

0 5 



CO 



s 

si 

c 
o 



.5 T3 



<y 



60 ' 



vO 

• 11 



I - -a 

<L> Ui ^ 

o -g o :~ _ 
0 8 2 

s : 11 5 §» 

CO u 5! n 

^53 S 2 ^ 
o So S 

-M +■* flT ft 

9 §5' rf - B 
4|§^ - 



o 
w 
x 

H 

w 
x 

H 

I* 
O 

o 
55 

H 

w 

< 
w 

t-H 
1-1 

o 



0) 



o 



cd 
C 

o 



s 2c 



C 

o 
o 

u 
+-» 

o 

cd 



8 

o 

cd 

& 

0) 



s ^ 

, CO -4-* 

c ° 

o w 

•S3 B 

^ c 
«i.S 

Ui 4-» 

•g O 

> in 



+ 



4> 



c 0) M 

— _ o 43 
C ! « '£ 

D O P O - 

a 4 bp^ 3 3 d 



4J 



I- 9 • ~ 
Is i 



! PQ — > c 
N ft c 

-» n> h is 



tuO S 




«* 8 £ § J B 
II s.s-s.|.s 



4) o 5 
(fl " I 



8 



rt - t5 tj « ^ 

■ D -m re 



C cd 
.5P - 



" o o 



CO v, 



3 -st 



Hi 

O cd 

~ £ a ^ » 

JfsS** 

W'O'S u "cd 

^ e e - 5 3 >g 



c3 cd 



ts| oj co C 

£ g K ^ 

_g u «h c 

> o 

<u cd 

3 .8 o" 

cd -a « 
to £ 2 

•9 s 81 

O i — i S jj 

c O cd O 
o — .5 ^ 

a? + 5 o 

E3 *To Si 
3 ^ 

c ' — ^ || ^ 

u « cd 

"S W - H . 

. S g rt >T3 

c s a 0 2 

^ C rt^ ft 

O cd > +3 cd 



■ 0) c u 

• ^ ^ 



T3 



53 



cd £i ^ 
C tj cd h 



0 

s'i* 2 

^ 4) ,3 
^ ^3 'S 

ftc: t3 <-> 
o o s 2 

O 4> O 4> 

ft 5>T3 o 

« g trt 4J 

^ cd S C m 

^ en O S 



H >H (4 4) 

0T3 a) S 

E ^ 0 

2 § S 2 

g 5 g S 

4) *> 0 a 

> 4) g 

nd 4> S w 

^ CX ^ A 

£ g>o g 

4) O ,| Cd 
O 4) 5 

5^ H ^ 



c/) O 

4) U 

O <D 

cd N 



_ s 

00 O 

o ^ 

4) ^ 

cd M 

4> 

E s 

4J.O 

5 || 

4) M 



fi c y rt 
4; s gj^ 



w js JS 

1 §-1 

'■+3 j_i 

4) _ 

cd C 

E 3° 



a Z 



■a I 

-4-* 4> 



ft £ cd 



T3 
C 
3 



■8 -5 

8 g- 

* I 

o 0 

CO 

o "~ 

s <u 

g 1 



t3 ^ 



CD 

.s 



ed 



E 55 S 

" to hO 
- ^ X 



II 

C5 



O 

N 6 



II 



1^ 



a . . 



0. 43 



e 5 



•8 2 

CO > 

g 8 



V 43 3 

« O a 

^ £ -M 

la = 

•° 2 '-g 
5 .2 I 

S * a 

^ a £ 



bo.ti 

O c « 



C co 

2 o 

£^ 

eo ^ 
bo 

i a 

3 ^ 



H ^ 
a 



4V .3 « 

42 fl 3 
« ? « 

4^5 



•2 b 



I 



^ T3 
43 C 

a 



a c 

4> O 



<9 a) 4) fl i m 



3 * 



5 6 




S ft 2 ti 
< 5* ft 2 



* 



o 
w 

X 
H 

w 

X 
H 

O 

o 

CO 

55 
W 
H 

w 
o 



cd -O 

2 o> rt 
.s If 

'Go C 



0) 

H 



/-v ^ 

o S .5 ® 6 ^ 1? 

^ S3 'H O -5 „, rt 

2 C J S g 8 6 

3 3 £ 8 S* * 8 
^ « H g .5 js x 



pfl •« 3 « « _ 

u ^3 t! c ?? 



"<d X 
> o> 



.22 <t> 

g C co 

c ° s 

u 2 „„ 



c x -3 y « 



ed 

.s 

O 

c 

<u 
J3 

-4-» 

O 



m 

CN 

I 

o 

CM 



2 2 



u 

o 
u 
> 



o 



I 

o 

CN 



**3 *~ oj 



o P 



T3 *♦* 



C W In 2 4J 



^ z n +j £ 

Q«£ J\ <d ^ 
"~ " ^ ^ c 
o> .22 C rt 
5 rt 3 «J u 

u X! ^ -*-* +■> 



E 

U 

o 



° c7 



a) (/)!/; <d 

<u D ui O rt JS 

w rt o 5 « 

■a £ a u ffl S 

^* ? o w a ^3 

2 u P O 

s * c ^ b ^ -tj 



=35 




a o o ^ m S c 
cd d g ^ ^ o E £ 

l* <u a) <V O aJ it C 



^ <s e S rt 

• it ex. a ^ • u +j 

^O'O 3 O ™ 

l? *3 'S rt o <u 

oi — 9> a w c 



J a » 

- p s 5 ■ — ■ 
s & JJ .8 "g 



. i> h | .2 no oi 2 

lui s-° S ^ S S 



g-IiS 




« « o) .t: - 

- ~ jQ cn o 

O 4f 3 > O o 

u o a « ? cx ^ 



T) ^ X ^ U 

^ & -S ^ S Jg -5 





p 

Q 

o 

s 

p 

CO 

b 
O 

>^ 

o 
w 

H 
W 
X 
H 



CN 




J 



00 g 



.11 1 1 

8 Q> tfl -v ^ 

3 > | • g e 
•S 2 



■M ^> 



H S ° 



9* ^ 

rt y r, 

<-! _S 



o 

i2> CO 



CN 
CN 



>>x) ^ Its 

^2 O 




to 

CN 




u S S3 
^ «3 £ £ .2, 

2 « 2 § § 
rt _g -2 ^-o ^ 

g, o a 8 

v u • +1 ^ 

a 'S "o 2 a f 

« . <o ffi ^ r-i .P 

>u » £ 
° - c!, Iti * * 



CN 
I 

O 
<N 



^ 1)7 «S 
^ <U O u< J3 H 

ci *j — c $ a 

^ g^-i o 2 

- *5, 



s5 i g 



.a 




1 T3 00 



o 

q ^ 0> « SG 



o 

H<3 



I 

o 



si 



• • es " C 



CN 



1 cd oj 8 a 



2 g 



4> 
^3 



O 

w 
a 

H 

W 
S 
H 

' 

O 

o 

CO 



3 
> 



43 

£ 

G 

a 

e 

o 
u 

0) 



«5i 



G rrt 



.3 

e c 

* ,G 
W +3 

K « 
«< 
W 

"3 
o 



gs 

*~ ^ 
•Sj» | 

§* 1 



"3 c ° "3 •- 

II 3q > a 5 * 



t-. <U 



*2 O <J O « w 

MS all* 




VII 



8o f£g 8 § I § rt o § 8 

O 



« § a <=> - 

G i§ ^ S fl " 



;^ o G o *-< w 

« «^-a a eg^Sjs §-a 

8 3 § §; S a a g£ § § § 9j§ a 

o 9 1-S g §- 

+i -p w <v v O 



G ^ 

0) ^ ^ Oh = 

g-g ° rt 2-2^ 

5 C +i c .5 



" ° c S ^ C , 



0) 

*ss 

G 



43 




« .Sj £ I .S rt g . »» ^ x 3 I « » 



^ 1 - M 

*^ • — ^ <y 



5 a ^ ^ M z g « 



53 
> 

G 

3 

I 

Gu 



si 

si 

o JD 




' <y^«GS<->>G>G 
G ^Ig-G °S 0 ^45 i^*9 G 



O 

a 



H 



H 

O 
P 
Q 

55 

i 

fx, 

CO 

O 

o 
w 
w 

H 
W 

H 



r& ! ro <^ f& 



OUT 

y 



> -« 

II °? 



+ 

ao 

o 

CJ 

d I 

II II 

+ + 



H 



> 

II 
> 



I 

to 



rt G •» 
<u .2 <u 

£ E « rt 




3 




sa *^ £ 59 - ^ ,S ^ 



B d O d 




W 

PL, 



2 



o 



c t3 

Ml 
•3 "3.8 
2 to 

§ 

.S -5 

c o o 
o £ d 

d « 
d O o 

> 



© 
© 

Ph 



o 

X 

+ 

* L8 



-4-) CO 



d 

IS 

O b d 

o be 
c 



+ 



Pm 



P 

1 a** 
5'? 




D 
Q 

O 
U 

w 
cu 
p 

CO 

o 

o 
w 

X 

H 

W 

x 



* S3 ^ i 



42 d 



I g 




^ *1 a H 

« c ? - ? 

s a 

£? T3 ^ d 
U HO rt 



A ^ 



^ ^ S « a 



3 

. c 

, o 



d 
o 

9 

'G 

•I 

"o 
E 



J3 - 



•J 



o 

3° 



ti 



15 



II 



bp ^ 



^ X 

■S § 
"J 



t , CO 



3 g 9 



1 



1'4 

<3 v 

c > 

O 4) 

o ^ 

CO H • 
CO 

^5 



N U A O 




CO - 

I -S 8 g £ u 

"g -rt - C ii <u •„ 

? U t- 3 O HO 10 

5 m i s .a -3 I 

~ to e* 5 « o 



% d v 




o 

V 

o 

00 



X 
w 



vo 

CM 00 

~ oo 2 

© 2 

cm 



2 3 g 
2 | 

«o 3 •§ 

*" § 8 

« 2 5 

! I a e 

■ - ** a 

"111 



- CM 

°P n 



CM 'g 



O , 

C u 

+j L o 

2 3 I 

_ -MO 

^ 00 2 3 ct 

o « g •§ .2 



a © c-* w io 5 *§ .2 o 
g cm u . ag +j. r- 

iHhimi 



^ 3 D „ „ 

& b 3 g 

I 1 I I 1 .a $ 



I I I I 




1 



3 
C 

o 
o 
u 

a 

VO w 

2 c 



C3 O 

o 



O (N 
^- O 



£ 3 



r? cm 



5 tJ 

vo a v 

• bo "S 5 « 

5 5 ft ^ 

<u rt g 2J n S 

■o g * .a ts 

S g 5 

2„ 6 < s 8 

?S I I o .S 



ii 



Is 



II £IIIM 



O 
V 



2 




8 s 

° 8 



CM 
CM 

ii 

W 



to & 

* B 

CO jj* 

s s 



a 

•I 

C 

8 



£ I I is 

I II I !• I 



a 

3 » 
°* I 



o 
o 

G 

1 

<3 



o 



8 S 
§1 

•s s 

o cr 

*° . 
C 



00 

3 



i 

3 



o 

'Z* oo 



-a 

be 

3 O 
+5 3 

P a 



S CM 
I ° 



.8 « 



i. 



c 

CM 0) 

00 p«c 



5 Tf 

> o 



H-5 



5 "S 
1 2 



8 S 

& a 4) C 

- 5 § 1 



I -I I 3 I 3 I I I 



asm 



mm 



■HHHS 



P 
Q 

O 
U 

PL, 
P 
CO 

O 

o 
w 

s 

w 

B 
H 



+ 

CO 



3 

o 



r- ICN 

+ 

co I CO 

X 

ct> 

+ 

CO 



0) 



13 



O 



J 3 
+ 

a 

ro 
if 

3 



co --^ 



+ 



3\ £ J 

CO I CO CO | co 



6 

.5 
9 



oo 
to 



■I 

CO 



4> 




o 



3 



2~ £ to oo s 

^ U5 TT VO |jj 



2 •§ 

.2 U 



3 2 

rt ft) 



I 8 1 

Of***- 1 



SB 

5 i 



i 8 



3 * 



» S 



o > 



£ oo 
c g o o 



* 8. 



£ o $ 

sill 



its 



115 M 



8. 

CO 




3 

'S 
D 



ft) 



in 
t*- 

e 
o 
■P 
o 

3 

c 



to 



in 



O 

,0. 



3 g ri 



+i <M U 



to ^ 

. jo 

>. 3 

bo O 
ft) 



to '-g 

C 3 



V -5 I 



u C 

I £ 



K3 v© r- 
*° 

-j in 

g vo o 

1 * i 

« o g 

4) bo 



VO M 

o 



ft) " 



'I 



S" 5 



J? 4J 

"*r 



o 

oo £ 



VO CJ 



VO K> 

o 

f 3 

« ft) **s 
a> .w 4-> 

.O ti " " 

s a 

«J CO 



o c 

*-> o 

+> u 

rt 3 

js •§ 

8 



I 2 

vo ni -u f? 

b ^ tJ 5 



0* 

co 



*d o 
8 8 

3 

CO 



- 6 ^- « 15 .2 

^ ^ w g 6 u - £ 

c ^ S S «p 5 -2 

| g> g -s. s ts -o 



I & I I 



0« ft) 

W - 



ft) 5 

a a 

e £ - 



18 IS I I I I I I* I 



ft) 

- c 

«l U 3 

S. g, 3 



Attachment 



S.N. 08/303,561 



ATTACHMENT B 



•j&^The Research Libraries of The New York Public Library /All Locations 


- Netscape 




I ^ ^ 


#> #1 






3 -(rfetefe &(L®3gfflgrc 


http: //catny p. nypl. or g/search/q 







C.ATjNYP: The Online C .atalog of The New York Public Library 
The Research Libraries 



ANOTHER 
SEARCH 



Start 



You searched jAUTHOR" 



in 1 Entire 



Limited to: Words in the TITLE "new directions in s" 
Call U JSP 88-446 

Author Rao, C. N. R. (ChintamaniNagesaRamachandra), 1934- 

Title New directions in solid state chemistry : structure, synthesis, properties, reaci 

Rao, J. Gopalakrishnan. 

Imprint Cambridge [Cambridgeshire] ; New York : Cambridge University Press, 1986. 



LOCATION 




CALL # 




Science & Business Lib 


JSD 88-446 | 



Location Science & Business Lib 

Descript x, 516 p. : ill. , 23 cm. 

Series Cambridge solid state science series 

Note Includes index. 

Bibliography: p. [475]-503. 

Subject Solid state chemistry. 

Add 7 name Gopalakrishnan, J. (Jagannatha), 1939- 



Start 
Over 




( ATNYP: The Online C atalog of l he Nen York Public Library 



Daniel P. Morris, Ph.D. 
Staff Counsel 
IBM Research 

IP Law Department Yorktown 
Tie line: 8-862-3217 

Phone: 914-945-3217 

Fax:914-945-3281 



Attachment C 



S.N. 08/303,561 



ATTACHMENT C 



REVIEW ARTICLE 

Synthesis of cuprate superconductors* 

CNR Rao, R Nagarajan and R Vijayaraghavan 

Solid State and Structural Chemistry Unit and CSIR Centre of Excellence in 
Chemistry, Indian Institute of Science, Bangalore 560012, India 

Received 28 August 1992, in final form 19 October 1992 



Abstract There has been unprecedented activity pertaining to the synthesis and 
characterization of superconducting cuprates in the tast few years. A variety of 
synthetic strategies has been employed to prepare pure monophasic cuprates of 
different families with good superconducting properties. Besides the traditional 
ceramic method, other methods such as coprecipitation and precursor methods, the 
sol-gel method, the alkali flux method and the combustion method have been 
employed for the synthesis of cuprates. Depending on the requirements, varying 
conditions such as high oxygen or hydrostatic pressure and low oxygen fugacity are 
employed in the synthesis. In this review, we discuss the synthesis of the various 
types of cuprate superconductors and point out the advantages and disadvantages 
of the different methods. We have provided the necessary preparative details, 
presenting the crucial information in tabular form wherever necessary. 



1. Introduction 

Since the discovery of high-T c superconductivity in the 
La-Ba-Cu-O system [1], a variety of cuprate super- 
conductors with T c s going up to 128 K have been syn- 
thesized and characterized [2, 3]. No other class of 
materials has been worked on so widely and intensely in 
recent years as have the cuprate superconductors. 
Several methods of synthesis have been employed for 
preparing the cuprates, with the objective of obtaining 
pure monophasic products with good superconducting 
characteristics [3, 4]. The most common method of syn- 
thesis of cuprate superconductors is the traditional 
ceramic method which has been employed for the prep- 
aration of a large variety of oxide materials [5]. 
Although the ceramic method has yielded many of the 
cuprates with satisfactory characteristics, different syn- 
thetic strategies have become necessary in order to 
control factors such as the cation composition, oxygen 
stoichiometry, cation oxidation states and carrier con- 
centration. Specially noteworthy amongst these 
methods are chemical or solution routes which permit 
better mixing of the constituent cations in order to 
reduce the diffusion distances in the solid state [5, 6]. 
Such methods include coprecipitation, use of precur- 
sors, the sol-gel method and the use of alkali fluxes. The 
combustion method or self-propagating high- 
temperature synthesis (shs) has also been employed. In 
this review, we will discuss the preparation of cuprate 
superconductors by the different methods, mentioning 

* Contribution No 874 from the Solid State and Structural Chemistry 
Unit. 



the special features of each method and the conditions 
employed for the synthesis. In table 1, we give a list of 
the cuprate superconductors discussed in this review 
along with their structural parameters and approximate 
T c values. Preparative conditions such as reaction tem- 
perature, oxygen pressure, hydrostatic pressure and 
annealing conditions are specified in the discussion and 
given in tabular form where necessary. It is hoped that 
this review will be found useful by practitioners of the 
subject as well as those freshly embarking on the syn- 
thesis of these materials. 



2. Ceramic method 

The most common method of synthesizing inorganic 
solids is by the reaction of the component materials at 
elevated temperatures. If all the components are solids, 
the method is called the ceramic method [5]. If one of 
the constituents is volatile or sensitive to the atmo- 
sphere, the reaction is carried out in sealed evacuated 
capsules. Platinum, silica or alumina containers are gen- 
erally used for the synthesis of metal oxides. The start- 
ing materials are metal oxides, carbonates, or other salts, 
which are mixed, homogenized and heated at a given 
temperature sufficiently long for the reaction to be 
completed. A knowledge of the phase diagram is useful 
in fixing the composition and conditions in such a syn- 
thesis. 

The ceramic method generally requires relatively high 
temperatures (up to 2300 K) which are generally 
attained by resistance heating. Electric arc and skull 



0953-2046/93/010001 + 22 $07.50 © 1993 IOP Publishing Ltd 



1 



CNR Rao et at 



Table 1. Structural parameters and approximate T c values of cuprate superconductors. 
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techniques give temperatures up to 3300 K while high- 
power CO a lasers give temperatures up to 4300 K. The 
main disadvantages of the ceramic method are the 
following: 

(i) The starting mixtures are inhomogeneous at the 
atomic level. 

(ii) When no melt is formed during the reaction, the 
entire reaction has to occur in the solid state, first by a 
phase boundary reaction at the points of contact 
between the components and later by the diffusion of 
the constituents through the product phase. With the 
progress of the reaction, diffusion paths become longer 
and the reaction rate slower; the reaction can be 
speeded up to some extent by intermittent grinding 
between heating cycles. 

(iii) There is no simple way of monitoring the 
progress of the reaction. It is by trial and error that one 
decides on the appropriate conditions required for the 
completion of the reaction. Because of this difficulty, 
with the ceramic method one often ends up with mix- 
tures of reactants and products. Separation of the 
desired products from such mixtures is difficult, if not 
impossible. 

(iv) Frequently it becomes difficult to obtain a com- 
positionally homogeneous product even where the reac- 
tion proceeds nearly to completion. 

Despite the above limitations, the ceramic method is 
widely used for the synthesis of a large variety of inor- 
ganic solids. In the case of the cuprate superconductors, 



the ceramic method involves mixing and grinding the 
component oxides, carbonates or other salts, and 
heating the mixture, generally in pellet form, at the 
desired temperature. A common variation of the 
method is to heat a mixture of nitrates obtained by 
digesting the metal oxides/carbonates in concentrated 
HNO3 and evaporating the solution to dryness 
Heating is carried out in air or in an appropriate atmo- 
sphere, controlling the partial pressure of oxygen where 
necessary. In the case of thallium cuprates, because of 
the volatility and poisonous nature of the thallium 
oxide vapour, reactions are carried out in sealed tubes 
In come of the earlier preparations, the thallium cup- 
rates were synthesized in open furnaces. This is 
however, not recommended. A successful synthesis b> 
the ceramic method depends on several factors which 
include the nature of the starting materials (the choice 
of oxides, carbonatesX the homogeneity of the mixture 
of powders, the rate of heating as well as the reaction 
temperature and duration. 



2.1. La 2 Cu0 4 -related 214 cuprates 

Synthesis of alkaline-earth-doped La 2 _ je M jr Cu0 4 
(M = Ca, Sr and Ba) of K 2 NiF 4 structure with super- 
conducting transition temperatures up to 35 K is 
readily achieved by the ceramic method. Typically, the 
synthesis is carried out by reacting stoichiometric quan- 
tities of the oxides and/or carbonates around 1300 K in 



air L '-*J- a icw groups nave anneaieo me samples in an 
oxygen atmosphere at 673 K after the sintering step 
[103.* Metal' nitrates have also been used as the starting 
materials for the synthesis [11-13]. By starting with 
metal nitrates, one obtains a more homogeneous start- 
ing mixture, since the hydrated metal nitrates have low 
melting points leading to a uniform melt in the initial 
stage of the reaction. Furthermore, nitrates provide an 
oxidative atmosphere, which is required to obtain the 
necessary oxygen content. 

Stoichiometric La 2 Cu0 4 is an antiferromagnetic 
insulator. La 2 Cu0 4 prepared under high oxygen pres- 
sures, however, shows superconductivity (7; ~ 35 K) 
since the oxygen excess introduces holes just as the alk- 
aline earth dopants [14-16]. La 2 Cu0 4+ , (5 up to 0.05) 
has been synthesized by annealing La 2 Cu0 4 under an 
oxygen pressure of 3 kbar at 870 K [14, 15] or 23 kbar 
at 1070 K [16]. Oxygen plasma has also been used to 
increase the oxygen content. 

The next homologue of La 2 Cu0 4 containing two 
Cu-O layers, La 16 Sro. 4 CaCu 2 0 6 (T c - 60 K), has been 
synthesized by using high oxygen pressures [17]. The 
synthesis involves heating the sample at an oxygen pres- 
sure of around 20 bar at 1240 K. The material prepared 
at ambient oxygen pressures (in air) is an insulator. 
Several other high-oxygen-pressure preparations have 
been reported on the n = 2 member of the 
La« + iCu 2 „0 2ll+3 homologous series by making use of 
commercially available high-pressure furnaces [18, 19]. 
In table 2, we have summarized the preparative condi- 
tions for 214 and related cuprate superconductors. 

22. YBa 2 Cu 3 0 7 and other 123 cuprates 

Superconducting YBa 2 Cu 3 0 7 _, with the orthorhombic 
structure can be easily prepared by the ceramic method. 
Most of the investigations of the 123 compound, 
YBa 2 Cu 3 0 7 _ 3 have been carried out on the materials 
prepared by reacting Y 2 0 3 and CuO with BaC0 3 [20, 
21], It is noteworthy that Rao et a! [21] obtained 
monophasic YBa 2 Cu 3 0 7 as the x = 1.0 member of the 
Y 3 _ x Ba 3+Jr Cu 6 0| 4 series. In the method employed for 
preparing YBa 2 Cu 3 0 7 , stoichiometric quantities of 
high-purity Y 2 0 3 , BaC0 3 and CuO are ground thor- 
oughly and heated initially in powder form around 
1223 K for a period of 24 h. Following the calcination 
step, the powder is ground, pelletized and sintered at 
the same temperature for another 24 h. Finally, anneal- 
ing is carried out in an atmosphere of oxygen around 
773 K for 24 h to obtain the orthorhombic 
YBa 2 Cu 3 0 7 _, phase showing 90 K superconductivity. 
Oxygen annealing has to be carried out below the 
orthorhombic tetragonal transition temperature (-^960 
K); tetragonal YBa 2 Cu 3 0 7 _, (0.6 <5 ^ 1 .0) is not 
superconducting. Intermittent grinding is necessary to 
obtain monophasic, homogeneous powders. This kind 
of complex heating schedule often gives rise to micro- 
scopic compositional inhomogeneities. Furthermore, 
C0 2 released from the decomposition of BaC0 3 can 
react with YBa 2 Cu 3 0 7 _ 4 to form non-superconducting 



pnascs at 111c grain oouiiuiincs. enc way 01 avoiding 
the evolution of CO } during the synthesis is to use 
BaO, instead of BaCO a [22, 23]. Some of the impu- 
rities or side products in the preparation of YBa 2 Cu 3 0 7 
are BaCu0 2 , Y 2 BaCu0 5 and Y 2 Cu 2 0 5 [24]. The 
ternary phase diagram given in figure 1 illustrates the 
complexites of this cuprate system. 

Using Ba0 2 as the starting material has two advan- 
tages. It has a lower decomposition temperature than 
BaC0 3 and the 123 compound is therefore formed at 
relatively low temperatures. Ba0 2 acts as an internal 
oxygen source and the duration of annealing in an 
oxygen atmosphere is reduced to a considerable extent. 
Sharp superconducting transitions are observed in 
samples of YBa 2 Cu 3 0 7 _, made using Ba0 2 . Slight 
excess of copper in the ceramic method is reported to 
give cuprates with sharper transitions [25]. Preparation 
of YBa 2 Cu 3 0 7 _j is accomplished in a shorter period 
if one employs metal nitrates as the starting materials 
[13, 23]. In table 2, we present the conditions employed 
for preparing 123 cuprates by the ceramic method. 

Other rare-earth cuprates of the 123 type, 
LnBa 2 Cu 3 0 7 _, where Ln = La, Nd, Sm, Eu, Gd, Dy, 
Ho, Er and Tm (all with T c values around 90 K) have 
also been prepared by the ceramic method [26, 27]. 
Oxygen annealing of these cuprates should also be 
carried out below the orthorhomic-tetragonal tran- 
sition temperature [3]: La, 754 K; Nd, 837 K; Gd, 
915 K; Er, 973 K; Yb, 976 K etc. Nearly 30% of Y can 
be substituted by Ca in YBa 2 Cu 3 0 7 _,, retaining the 
basic crystal structure [28]; the T c decreases with the 
increase in calcium content. Both La and Sr can be sub- 
stituted at the Ba site in YBa 2 Cu 3 0 7 _, [29-31]. With 
La, monophasic products are obtained for 0 ^ x ^ 1.0 
in YBa 2 _ Jt La Jl Cu 3 0 7 _,, the T c decreasing with increase 
in x. In the case of Sr substitution, monophasic 
products are obtained for 0 ^ x s£ 1.25 in 
YBaj.^CujO,-,; high T c is retained up to x - 1.0. 
Ceramic methods have also been used to prepare 
YBajCuj.^M^O,., solid solutions, where M generally 
stands for a transition element of the first series. In most 
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BaO Bo t V 2 0 7 BaY 2 0 A Y0 15 



Figure 1. Phase diagram of the Y 2 0 3 -BaO-CuO system at 
1220 K (from [24]). 
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such substituted derivatives, trie i c decreases quite 
rapidly with increasing level of substitution [32, 33]. 

23. YBa 2 Cu 4 O s (124), Y 2 Ba 4 Cu 7 0 15 (247) and related 
cuprates 

The first bulk synthesis of YBa 2 Cu 4 O e was reported by 
Karpinski et al [34] who heated the mixture of oxides 
at 1313 K, under an oxygen pressure of 400 bar. Syn- 
thesis of YBa 2 Cu 4 O s by the conventional ceramic 
method without the use of high oxygen pressure suf- 
fered from some limitations due to kinetic factors. Cava 
et al [35] found that additives such as alkali carbonates 
enhance the reaction rate. The procedure involves two 
steps. In the first step Y 2 0 3 , Ba(N0 3 ) 2 and CuO are 
mixed in the stoichiometric ratio and heated at 1023 K 
for 16-24 h in an oxygen atmosphere. In the second 
step, the pre-reacted powder is ground with an approx- 
imately equal volume of either Na 3 C0 3 or K 2 C0 3 
powder and pellets of the resulting mixture are heated 
at 1073 K in flowing oxygen for 3 days. After the reac- 
tion, the product is washed with water to remove the 
excess alkali carbonate and dried by gentle heating in 
air. The product after this step has YBa 2 Cu 4 O s as the 
majority phase (7 e , 77 K) with little BaCu0 2 impurity. 
Other reaction rate enhancers such as NaN0 3 , KN0 3 , 
dilute HN0 3 and Na 2 0 2 have also been used suc- 
cessfully (in small quantities) to prepare YBa 2 Cu 4 0 8 
[36-38]. The 124 cuprate can also be prepared without 
the addition of a rate enhancer by the solid state reac- 
tion of Y 2 0 3 , BaCu0 2 and CuO at 1088 K in flowing 
oxygen [36]. Synthesis of YBa 2 Cu 4 O e from the solid 
state reaction between YBa 2 Cu 3 0 7 and CuO in flowing 
oxygen has also been reported [39]. The synthesis of 
YBa 2 Cu 4 O s by the ceramic method generally takes a 
long time and requires repeated grinding and pellet- 
izing. 

Other rare-earth 124 cuprates, LnBa 2 Cu 4 O s with 
Ln = Eu, Gd, Dy, Ho and Er have been prepared by 
the ceramic method under an oxygen pressure of 1 atm 
[36, 40]. The T e of these cuprates decreases with the 
increasing ionic radius of the rare earth. Calcium can be 
substituted at the Y site up to 10% in YBa 2 Cu 4 O e , and 
the T e increases from 79 K to 87 K in such substituted 
YBa 2 Cu 4 O s [41], Lanthanum can be substituted for 
barium in YBa 2 Cu 4 O e [42]. Single phases of 
YBa 2 _ Jt La Jt Cu 4 O e have been obtained for 0 ^ x ^ 0.4 
with the 7^ decreasing with increase in x. 

Extensive studies have been carried out on the syn- 
thesis of YBa 2 Cu 4 O e under high oxygen pressures [43, 
44]. The F-T phase diagram of 124, 123 and 247 cup- 
rates is shown in figure 2. High-oxygen pressure synthe- 
sis essentially involves the solid state reaction followed 
by sintering under high oxygen pressures. The typical 
sintering temperature and the pressure at which synthe- 
sis of YBa 2 Cu 4 0 8 has been carried out are 1200 K and 
120 atm of oxygen (for 8 h). By the use of high oxygen 
pressures [45], it is possible to prepare 124 compounds 
with other rare earths such as Nd and Sm, which is 
otherwise not possible under ambient pressures. 




Figure 2. Phase diagram of the 124, 247 and 123 cuprates 
(from [43]). 



A variety of substitutions has been carried out at 
the Y, Ba and Cu sites in YBa 2 Cu 4 O a under high 
oxygen pressures. Yttrium can be substituted up to 10% 
by Ca in YBa 2 Cu 4 0 8 giving a T c of -90 K [46]; 20% 
Ba has been substituted by Sr without affecting the T c 
[47]. Single-phase iron-substituted YBa 2 Cu 4 - x Fe,0 8 
(0 ^ x < 0.05) has been prepared at an oxygen pressure 
of 200 bar [48] ; the 7^ falls monotonically with increas- 
ing iron concentration. 

Bordet et al [49] first reported the preparation of 
Y 2 Ba 4 Cu 7 O l5 under oxygen pressures of 100-200 bar. 
It was soon realized that Y 2 Ba 4 Cu 7 0 15 can be synthe- 
sized by the ceramic method under an oxygen pressure 
of 1 atm by a procedure similar to that employed for 
YBa 2 Cu 4 O e , except for the difference in the sintering 
temperature [36]. There is a narrow stability region 
between 1123 K and 1143 K for the 247 cuprate to be 
synthesized under 1 atm oxygen pressure. The best 
sintering temperature at which the 247 cuprate is 
formed is 1133 K. Other rare-earth 247 cuprates, 
Ln 2 Ba 4 Cu 7 0 13 (Ln = Dy, Er), can also be prepared by 
this method [36, 38]. About 5% of Y can be replaced by 
Ca in Y 2 Ba 4 Cu 7 0, 5 and the T c increases to 94 K [42]. 
Substitution of La at the Ba site is limited to ~~ 10% in 
Y 2 Ba 4 Cu 7 0 15 where the T c decreases continuously with 
increasing lanthanum content [42]. 

Synthesis of 247 cuprates by the high-pressure 
oxygen method is generally carried out at 1203 K at an 
oxygen pressure of around 19 bar (for 8 h). This step is 
followed by slow cooling (typically 5°C min" *) to room 
temperature at the same pressure [50]. Other rare-earth 
247 compounds, Ln 2 Ba 4 Cu 7 O l5 (Ln = Eu, Gd, Dy, Ho 
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and Er), have been prepared in the oxygen pressure 
range of 14-35 bar [50]. Preparative conditions for the 
1 24 and 247 cuprates are given in table 2. 

2.4. Bismuth cuprates 

Although the ceramic method is widely employed for 
the synthesis of superconducting bismuth cuprates of 
the type Bi 2 (Ca, Sr) w+ ,Cu ll 0 2)l+4+ ,, it is generally diffi- 
cult to obtain monophasic compositions, due to various 
factors [51, 52]. Both thermodynamic and kinetic 
factors are clearly involved in determining the ease of 
formation as well as phasic purity of these cuprates. The 
n = 1 member (2201) of the formula Bi 2 Sr 2 Cu0 6 
appears to be stable around 1083 K and the n = 2 
member, Bi 2 (Ca, Sr) 3 Cu 2 O e (2122) around 1113 K. The 
n = 3 member, Bi 2 (Ca, Sr) 4 Cu 3 O I0 (2223), can be 
obtained close to the melting point (1123 K) after 
heating for several days or even weeks. Of all the 
members of the Bi 2 (Ca, Sr) w+l Cu J ,0 2(l+ 4 + ^ family, the 
n — 2 member (2122) seems to be most stable. Bi 2 0 3 , 
which is often used as one of the starting materials, 
melts at around 1 103 K. Increasing the reaction tem- 
perature therefore leads to preferential loss of volatile 
Bi 2 0 3 . This results in micro-inhoraogeneities and the 
presence of the unreacted oxides in the final product. 
Since these materials contain so many cations, partial 
reaction between various pairs of oxides leading to the 
formation of impurity phases in the final product 
cannot easily be avoided. A noteworthy structural 
feature of all these bismuth cuprates is the presence of 
superlattice modulation; the modulation has nothing to 
do with superconductivity. 

Most of the above problems have been overcome by 
employing the matrix reaction method [53, 54]. This 
method reduces the number of reacting components 
and gives better products. In this method, synthesis is 
carried out by reacting the oxide matrix made from 
CaC0 3 , SrC0 3 and CuO with Bi 2 0 3 in the tem- 
perature range of 1083-1123 K in air for a minimum 
period of 48 h. Quenching the samples in air from the 
sintering temperature or heating in a nitrogen atmo- 
sphere improves the superconducting properties of 
bismuth cuprates. The matrix reaction method yields 
monophasic n = 2 (2122) and n = 3 (2223) compositions 
showing T c values of 85 K and 110 K respectively [55, 
56]. Partial melting for a short period (~5 min) also 
favours the rapid formation of the n = 2 (2122) and the 
n = 3 (2223) members. 

The n = 1 member, Bi 2 Sr 2 Cu0 6 , showing T c in the 
range 7-22 K is a rather complicated system and has 
two structurally different phases near the stoichiometric 
composition [51, 57-60]. Many workers have varied 
the Bi/Sr ratio and obtained single-phase materials with 
a 7; of 10 K at a composition which is strontium defi- 
cient, Bi 2 l Sr r9 CuO y [60, 61]. This cuprate is best pre- 
pared by reacting the oxides and/or carbonates of the 
constituent metals at 1123 K in air for extended periods 
of time. In figure 3 we show the phase diagram of the 
Bi-Sr-Cu-O system. The phase diagram of the 
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Figure 3. Phase diagram of the Bi-Sr-Cu-O system at 
1110 Kin air (from [60]). 

Bi 2 0 3 -SrO-CaOCuO system at a constant Ci 
content is shown in figure 4. 

Substitution of a small amount of lead for bismi 
results in good superconducting samples of n = 2 (21: 
and n = 3 (2223) members. A number of workers ha 
therefore preferred to synthesize both n = 2 (2122) a 
n — 3 (2223) members with substitution of lead up 
25% in place of bismuth [58, 63-66]. They are obtain 
either by direct reaction of oxides and/or carbonates 
the cations or by the matrix reaction method. 

Other than the matrix reaction method, melt que 
ching (glass route) [67, 68] and a semi-wet method [6 
have been employed for the synthesis of supcrconduc 
ing bismuth cuprates. In the melt quenching metho 
the mixture of starting materials (in the form of oxid 
and/or carbonates) is melted in a platinum or alumii 
crucible around 1473 K for a short period in air ar 
then quenched in liquid nitrogen. The quencht 
specimens are given an annealing treatment arour 
1103 K in air to obtain the superconducting crystallii 
cuprates. This method has been shown to produ< 
both n = 2 (2122) and lead-doped n = 3 (2223) membe 
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SrO BiO,. 5 

Figure 4. Section through the phase diagram of the 
Bl a 0 3 -SrO-CaO-CuO system at a constant CuO content of 
28.6 mol% (from [62]). 



oi' Uie Dismuin cupraies, esscnuany in pure tuna. iuc 
semi-wet njethod involves the solid state reaction 
between two precursors which are coprecipitated 
separately. For example, in the preparation of 
Bh.ePbo.'iSrjCajCujOjo, a precipitate of Pb, Sr and 
Ca (as carbonates) and one of Bi and Cu (as oxalates) 
are reacted at 1138 K in air for a minimum period of 
72 h. The duration of the reaction for the formation of 
2223 phase is drastically reduced by this method. 

The starting composition of the reactant materials 
plays an important role in the synthesis of these cup- 
rates. For example, strontium deficiency in the n - 1 
(2201) member favours monophasic compositions [59, 
61]. Strontium deficiency also helps in obtaining a 
phase-pure n = 2 (2122) member [70]. Starting with a 
4:3:3:4 stoichiometry of Bi:Ca:Sr:Cu, it has been 
possible to obtain a monophasic 2122 member [54, 71]. 
The n = 3 (2223) phase, on the other hand, is either 
obtained through the substitution of Bi by Pb (up to 
25%) or by taking an excess of Ca and/or Cu [63-66, 
72]. The problem of balancing between phasic purity 
and high T c of the cuprate gives rise to some difficulty in 
the synthesis of these cuprates. The coexistence of some 
of the members of the homologous series, especially in 
the form of polytypic intergrowths of different layered 
sequences, is also a problem. This problem is also 
encountered with thallium cuprates [73, 74]. 

The n = 4 phase, Bi l$ Pb 0 . 5 Ca 3 Sr 2 Cu 4 O l2 , which 
was observed in an electron micrograph along with 
n = 3 phase as an intergrowth, was synthesized in bulk 
by Rao et al [75] (with a small proportion of the n = 3 
phase) by the ceramic method. The n = 4 phase has a 
slightly lower 7* e (103 K), than the n = 3 phase. This 
cuprate has also been prepared by Losch et al [75]. 

A variety of substitutions has been carried out in 
superconducting bismuth cuprates employing the 
ceramic method [58, 76-79]; some of them are note- 
worthy. For example, the simultaneous substitution of 
Bi by Pb and Sr by La in Bi 2 Sr 2 Cu0 6 results in a 
modulation-free superconductor of the formula 
BiPbSr^La^CuO* with T e increased to 24 K [77]. 
Similarly, co-substitution of Bi by Pb and Ca by Y in 
the n = 2 member (2122) gives a modulation-free super- 
conductor, BiPbY 0 . 5 Cao. 5 Sr 2 Cu 2 0 8 with a T t of 85 K 
[77], Rare-earth substitution for Ca in Bi 2 CaSr 2 Cu 2 0 8 
causes the 7; to go up to 100 K without the intro- 
duction of the n = 3 phase [58, 78]. As mentioned 
earlier, the n = 3 phase is stabilized by the partial sub- 
stitution of lead in place of bismuth [63-65]. Another 
significant discovery is the iodine intercalation of the 
Bi-2122 superconductor [80]. Intercalation does not 
greatly affect the superconducting properties of the 
material; clearly, superconductivity is confined to the 
two-dimensional Cu0 2 sheets in these materials. 

Synthesis of a new series of superconducting cup- 
r ates of the general formula Bi 2 Sr 2 (Ln ( ^Ce^CujO^ 

fl 2222 phase with Ln = Sm > Eu » Gd ) containing a 
nuorite-like (Ln, .^CeJjOj layer between the two 
ru 2 S ^ le cts has been possible by the ceramic method 
1- 'J* Partial substitution of bismuth by lead increases 



sis at 80 atm of O a seems to stabilize the 2222 structure 
with other rare earths [83]. 

As mentioned earlier, one does not start with an 
exact stoichiometric composition to obtain the desired 
final product in the case of superconducting bismuth 
cuprates. Although structural studies (see for example 
[84]) indicate the presence of bismuth atoms over stron- 
tium and calcium sites as well, it is not possible to pre- 
scribe an exact initial composition to obtain the desired 
final stoichiometry. For example, starting from a 
nominal composition of (Bi 0 . 7 Pb o . 3 )SrCaCu 2 O, t one 
ends up with the formation of the n = 3 (2223) member 
[65]. Therefore, for the purpose of characterizing the 
various members of the superconducting bismuth cup- 
rates, one starts with some arbitrary composition and 
varies the synthetic conditions suitably to obtain the 
desired final product in pure form. The actual composi- 
tions of the final cuprate are quite unexpected (eg. 
Bij.83Pb 0 .3oSr 2 .o4Ca l 68 Cu30 y ) as found from analyti- 
cal electron microscopy [85]. In table 3 we have sum- 
marized the preparative conditions of all the members 
of Bi 2 (Ca, Sr)„ + x Cn n 0 2n +t+i family. 



2-5. Thallium cuprates 

The conventional ceramic method employed for the 
synthesis of 214, 123 and bismuth cuprates has to be 
modified in the case of thallium cuprates of the 
Tl 2 Ca w _ jBajCu^O^ , TICa.. 1 Ba 2 Cu 11 0 2 . + 3 and 
TlCa JI _ 1 Sr 2 Cu (l 0 2(l+3 families due to the toxicity and 
volatility of thallium oxide. In the early days, the reac- 
tion was carried out in an open furnace in air or oxygen 
atmosphere at high temperatures (1150-1180 K) for 
5-10 min [86, 87]. In a typical procedure, the mixture 
of reactants in the form of a pellet was quickly intro- 
duced into the furnace maintained at the desired tem- 
perature. Since melt-solid reactions take place faster 
than solid-solid reactions, the product was formed 
quickly by this method [87]. Although this method 
requires a very short duration of heating, it results in 
the loss of thallium, leading to the danger of inhaling 
thallium oxide vapour. Some workers have taken 
certain precautions not to release the T1 2 0 3 vapour into 
the open laboratory, but the method is still not recom- 
mended. Furthermore, the formation of the desired 
phase is not ensured under the open reaction condi- 
tions. Synthesis of thallium cuprates has therefore been 
carried out in closed containers (sealed tubes) by most 
workers. By this method, both polycrystalline samples 
and single crystals can be prepared, since the reaction is 
carried out over longer periods. Better control of stoi- 
chiometry, homogeneity of phases and the total avoid- 
ance of the inhalation of toxic thallium oxide vapours 
are some of the advantages of carrying out sealed tube 
reactions. 

Closed reaction conditions have been achieved in 
different ways. The reactant mixture is sealed in gold 
[88] or silver tubes [89] or in a platinum [90] or nickel 
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Table 3. Preparative conditions for the synthesis of bismuth cuprates by the ceramic method. 



Conditions* 



Starting composition 



Temp. (K) Time Product 



Bi a Sr 2 Cu 2 0 1 

Bi 2 Sr 2 CuO e 

Bi 2 ,Sr 1>9 CuO a 

BiPbSr^La^.CuOe 

Bi 2 CaSr 2 Cu 2 0 8 

Bi 2 Ca 15 Sr 15 Cu 2 0 8 b 

Bi4Ca 3 Sr 3 Cu 4 0, 

Bi 2 Sr, ^CaCuaO, 

BiPbSr 2 Y D 5 Ca 05 Cu 2 0 B 

Bi, 6 Pb 04 Ca 2 Sr 2 Cu 3 O a b 

Bi, 5 Pb 0 . 5 Ca 2 5 Sr, sCUaO/ 

Bit^PboaS^CaaCu^, 

Bio.TPbo.aSrCaCuKoO, 

BiCaSrCuaO, 

Bia^Pbo.aCasS^Cu^. 

Bi 2 j3d 1j7 Ce 0 ,3Sr3Cu 2 0 10 



1103 2 d 2201 major phase 

1123 1 d 2201 major phase 

1123 2d Single phase 

1150 1 d Single phase 

1103 5 d Single phase 

1103 3 d 2122 major phase 

1108 2 d 2122 single phase 

1113 3 d 2122 single phase 

1200 1 d 2122 single phase 

1140 5 d 2223 major phase 

1100 4d 2223 major phase 

1153 10 d 2223 single phase 

1153 5d 2223 major phase 

1143 5 d 2223 major phase 

1133 5d 2223 major phase 

1273 10 h 2222 single phase 



T c (K) 


Ref. 


20 


[51] 


9 


[57] 


10 


[59. 61] 


24 


[77] 


85 


[61] 


80 


[53] 


85 


[71] 


85 


[70] 


85 


[77] 


120 


[55] 


105 


[04] 


110 


[72] 


105 


[65] 


120 


[65] 


108 


[64] 


30 


[81] 



* All the preparations carried out in air. 
b Obtained by matrix reaction method. 



alloy (Inconel) container [91] closed tightly with a silver 
lid. Alternatively, the reactant mixture is taken in the 
form of a pellet, wrapped in a platinum [92] or gold 
[93] foil and then sealed in a quartz tube. This method 
has the advantage of carrying out the reaction under a 
vacuum. Some workers place the reactant pellet in an 
alumina crucible [94] which is then sealed in a quartz 
ampoule. Thallium-excess starting compositions have 
been employed by a few workers to compensate for the 
thallium loss during the reaction [95]. 

In the preparation of the thallium cuprates, the 
matrix reaction method is often employed. Here > a 
mixed oxide containing all the metal ions other than the 
volatile thallium oxide is first prepared by reacting the 
corresponding oxides and/or carbonates around 1200 K 
for 24 h in air [89, 96]. The freshly prepared mixed 
oxide is then taken with a calculated quantity of T1 2 0 3 
and heated at appropriate temperatures in a sealed 
tube. This method is desirable when a carbonate is used 
as the starting material. Some of the thallium cuprates 
have been prepared by a modified matrix method [97] 
wherein a thallium-containing precursor such as 
Ba 2 Tl 2 0 5 is prepared first and then reacted with other 
components under closed conditions. Thallium- 
containing precursors are less volatile than T1 2 0 3 
so that the loss of thallium is minimized during the 
preparation. 

Thermodynamic and kinetic factors associated with 
the synthesis of thallium cuprates are complex due to 
the existence of various phases which are structurally 
related and which can therefore intergrow with one 
another. In fact, one of the common defects that occurs 
in the thallium cuprates is the presence of random inter- 
growths between the various layered phases [98]. Fur- 
thermore, many of the thallium, lead and bismuth 
superconductors are metastable phases which are 
entropy stabilized [99]. The temperature of the reac- 



tion, the sintering time and the starting composition are 
therefore all crucial to obtaining monophasic products 
(table 4). 

The effect of the starting composition is best illus- 
trated by the formation of the n = 3 phase of the bilayer 
thallium cuprates (n 2 Ca 2 Ba 2 Cu 3 O 10 ). Synthesis of this 
compound starting from the stoichiometric mixture of 
the oxides corresponding to the ideal composition often 
yields the n = 2 member of the family. It was found that 
starting with compositions rich in Ca and/or Cu 
(namely TlCa 3 BaCu 3 0,, Tl 2 Ca 4 Ba 2 Cu 3 0,) yielded a 
nearly pure n = 3 phase [90, 98, 100]. The actual com- 
position is, however, close to Tli. 7 Ba 2 Ca r3 Cu 3 O y . In 
the case of TlCaBa 2 Cu 2 0 7 (1122) starting from a stoi- 
chiometric mixture of oxides corresponding to the ideal 
stoichiometry always yielded a mixture of 1122 and 
2122 phases, the relative proportion of the two being 
dependent on the conditions. It has been demonstrated 
recently [101] that thallium-deficient compositions cor- 
responding to TV,CaBa 2 Cu 2 0, {5 = 0.0 to 0.3) yield 
better monophasic 1 122 materials. 

The thallium content of the material not only deter- 
mines the number of Tl-O layers but controls the hole 
concentration. As mentioned earlier, one of the good 
starting compositions to obtain Tl 2 Ca 2 Ba 2 Cu 3 O l0 
(2223) is TlCa 3 BaCu 3 0, (1313) which bears little rela- 
tion to the composition of the final product. Another 
example is the formation of the n = 4 phase, 
TlCa 3 Ba 2 Cu 4 O y (1324). Detailed studies [102] have 
shown that the 2223 phase formed initially transforms 
to the 1223 phase with an increase in the duration of 
heating. After prolonged sintering, the 1324 phase is 
formed at the expense of the 1223 phase. Similar trans- 
formations have also been observed in the formation 
process of TlCa 4 Ba 2 Cu 5 0, with five Cu-O layers [103]. 

The Sr analogue of TlCa Jl . 1 Ba 2 Cu ll 0 2ll+3 cannot be 
prepared in pure form. However, they are stabilized by 



Conditions 



ousr liny wonjpvsiiiwii 


1 will}/. \r\/ 
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Product 


' c W 


net. 


TI 3 Ba 2 CuO e 


1148 


3h 


Sealed gold tubes 


2201 single phase 


84 


T881 


TI 3 CaBa 2 Cu 2 O s 


1173 


6h 


Sealed gold tubes 


2122 single phase 


98 


[881 




1150 


3h 


Seated silica ampoule 


2122 single phase 


95 


[981 


TI-,Ca J .Ba-.Cu«0 


1150 


0.5 h 


Sealed silica ampoule 


2122 single phase 


95 


T981 


TI 4 Ca 3 Ba 4 Cu 5 0 J 


1150 


0.5 h 


Sealed silica ampoule 


2122 single phase 


95 


[981 


TUCa,Ba,Cu a O in 


1173 


6h 


Sealed gold tubes 


2223 major phase 


105 


[88] 




1123 


20 min 


Sealed silica ampoule 


2223 major phase 


106 


[95] 




1103 


12 h 










11083880030, 


1153 


3h 


Sealed silica ampoules 


2223 major phase 


125 


[100] 


TI 3 0aBa 3 0u 3 O x 


1153 


3h 


Sealed silica ampoules 


2223 major phase 


108 


[100] 


TIBa, 2 La 0 8 0uO 5 


1163 


3h 


Sealed silica ampoules 


1021 single phase 


40 


[111] 


TISrLaCu0 5 


1170 


2 h 


Sealed silica ampoules 


1021 single phase 


40 


[1091 

L v J 


TISr, -Nd 0 -Cu,0, 


1170 


2h 


Sealed silica ampoules 


1122 major phase 


80 


[110] 


TI0aBa 2 Cu 2 O 7 


1170 


3 h 


Sealed silica ampoules 


1122 major phase + 


90 


[101] 










2122 impurity 






TL »CaBa 5 Cu,0, 


1170 


3 h 


Sealed silver tubes 


1122 major phase 


90 


[101] 


n"l 0 .5 p t>a5)CaSr 2 Cu 2 0 7 


1170 


3h 


Sealed silica ampoules 


1122 single phase 


90 


[104] 


TI(0a a5 Y a5 )Sr 2 Cu 2 O 7 


1170 


3h 


Sealed silver tubes 


1122 single phase 


90 


[92] 


TI0a 2 Ba 2 0u 3 O 9 


1163 


6h 


Sealed silica ampoules 


1223 single phase 


115 


[94] 


(Tl 0 .5 Pb o.5) Ca 2Sr 2 Cu30 9 


1198 


3-12 h 


Sealed gold tubes 


1223 single phase 


122 


[105] 


"no.5 p bo.5Sr 4 Cu 3 0 J , 


1170 


2h 


Sealed silica ampoules 


1223 major phase 


60 


[110] 



partly substituting Tl by Pb (or Bi) or Ca by yttrium or 
a trivalent rare earth [92, 104-107]. Thus, 
Tlo.3Pb 0 .sCa n _ 1 Sr 2 Cu II 0 2l , + 3 shows a T c of -90 K for 
n = 2 and -120K for n = 3. TlCa 0 . 5 Y 0 5 Sr 2 Cu 2 0 7 
also shows a 7^ of 90 K. These cuprates in the Tl/Pb- 
Ca/Ln-Sr-Cu-O systems are prepared in a manner 
similar to the Tl-Ca-Ba-Cu-O system except that 
SrC0 3 is used in place of BaC0 3 or Ba0 2 . Sr 4 Tl 2 0 7 
has also been used as a starting material in some 
instances [97]. The n = 1 member, TlM 2 Cu0 5 (M = Sr 
or Ba) is also stabilized by the substitution of Pb or Bi 
for Tl or a trivalent rare earth for Sr or Ba [108-11 1]. 
All these compounds showing a 7^ of 40 K have been 
prepared by the matrix reaction method. 

Single thallium layer cuprates of the general formula 
T1 i*xA 2 . J( Ln 2 Cu 2 0 9 with A = Sr, Ba; Ln = Pr (Nd, 
Ce) as well as TI 0 ^Pbo.sfLn^Ce^SrjCujO* 
(Ln = Pr, Gd) with a fluorite-type Ln 2 0 2 layer have 
been prepared by the ceramic method [112, 113]. The 
as-prepared materials are semiconductors. It has been 
shown by Liu et a\ [114] that annealing TlBa 2 (Eu, 
Ce) 2 Cu 2 0 9 (1222 phase) under an oxygen pressure of 
100 bar induces superconductivity with a 7^ of — 40 K. 

As in the case of bismuth cuprates, the final com- 
position of thallium cuprates is unlikely to reflect the 
composition of the starting mixture. Structural studies 
[99, 115] have shown that there is cation disorder 
between Tl and Ca/Sr sites. Therefore, in order to 
obtain a superconducting composition corresponding to 
a particular copper content, one has to start with 
various arbitrary compositions and vary the synthesis 
conditions. The actual composition of the final product 
can be quite unexpected (e.g. Tl, .esBajCa^CujO, or 
^i.B6Ba 2 01 CuO r ) as shown by analytical electron 
microscopy [85]. In table 4 we have listed the pre- 



parative conditions employed for the synthesis of thal- 
lium cuprates by the ceramic method. 

2.6. Lead cuprates 

The conditions for the synthesis of superconducting 
lead cuprates are more stringent than for the other 
copper oxide superconductors. Direct synthesis of 
members of the Pb 2 Sr 2 (Ln, Ca)Cu 3 0 8+ , (Ln = Y or 
rare earth) family by the reaction of the component 
metal oxides or carbonates in air or oxygen at tem- 
peratures below 1173 K is not possible because of the 
high stability of SrPb0 3 -related perovskite oxides. Pref- 
erential loss of the more volatile PbO leads to micro- 
inhomogeneities. Furthermore, Pb in these compounds 
is in the 2+ state while part of the Cu is in the In- 
state. Synthesis has therefore to be carried out under 
mildly reducing conditions, typically in an atmosphere 
of N 2 containing 1% 0 2 . The most common method 
that has been employed for the synthesis of these lead 
cuprates is the matrix reaction method [116]. For 
Pb 2 Sr 2 (Ln, Ca)Cu 3 Oe + , (Ln = Y or rare earth), a 
mixed oxide containing all the metal ions except Pb is 
made by reacting SrC0 3 , Ln 2 0 3 or Y 2 0 3 , CaC0 3 and 
CuO in the appropriate ratios around 1223 K in air for 
16 h. The mixed oxide is then taken with an appropri- 
ate amount of PbO, ground thoroughly, pelletized and 
heated in the 1 133-1 198 K range in a flowing stream of 
nitrogen containing 1% 0 2 for periods between 1 and 
16 h. Generally, short reaction times and quenching the 
product from the sintering temperatures into liquid 
nitrogen in the same atmosphere gives better-quality 
samples. Even though this is the common method for 
preparing Pb 2 Sr 2 (Ln, Ca)Cu 3 O s + ,, it is not always 
easy to obtain samples exhibiting good, reproducible 
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superconducting properties. The lead cuprates from the 
method described above generally show broad tran- 
sitions in the R-T curves with negative temperature 
coefficients of resistance above 7^. 

Studies of the dependence of T c on the calcium con- 
centration in the Pb 2 Sr 2 Y, - x Ca x Cu 3 0 8 + a system [1 17] 
have shown that heating the samples near the melting 
point between 1198 and 1228 K for 2h and post- 
annealing in flowing nitrogen gas at a temperature 
between 673 and 773 K improves the superconducting 
properties of the samples dramatically. Direct one-step 
synthesis has been achieved [118] by reacting the metal 
oxides in sealed gold tubes around 1223 K. An alterna- 
tive route to the direct synthesis from metal oxides 
and/or carbonates has also been demonstrated [119]. 
Superconductivity near 70 K has been reported in 
Ca-free Pb 2 Sr 2 LnCu 3 0 8 + i (Ln = Y or rare earth) 
employing the vacuum annealing procedure [120]. Sub- 
stitution of Pb by Bi in Pb 2 Sr 2 Y 0 5 Ca 0 5 Cu 3 0 8+ , has 
also been carried out by the ceramic method [121]. 
About 30% of Pb can be substituted by Bi, and such a 
substitution increases the T c up to 100 K. The n = 0 
member of the Pb 2 Sr 2 (Ca! - x Ln x ) H Cu 2 + m 0 6 + 2H + 6 series 
(namely Pb 2 (SrLa)Cu 2 0 6 + 6 ) has been prepared 
successfully by this matrix reaction method [122]. 

Unlike the 2213-type lead cuprates, superconducting 
1212-type lead cuprates of the formula 
(Pb 0>5 Cu 0 5 )Sr 2 (Y 0 5 Ca 0 5 )Cu 2 07_j are synthesized in 
an oxidizing atmosphere. Several authors have reported 
direct synthesis as well as reactions under closed con- 
ditions [123-127]. In the direct synthesis of these cup- 
rates, care is taken to prevent the loss of Pb by 
wrapping pellets in gold or platinum foil [127]. Rouil- 
lon et al [125, 126] have reported the synthesis of 1212 
lead cuprates by the direct reaction of the component 
oxides in evacuated silica ampoules. This method has 



the advantage of adjusting the oxygen partial pressure 
required for the synthesis. Both 2213-type and 1212- 
type lead cuprates have been prepared using the nitrates 
of the metal ions as the starting materials [128]. 
Although this procedure yields 2213 or 1212 phases in a 
single step, the product obtained always has impurities 
such as Y 2 0 3 , CuO etc. 

A superconducting lead cu prate of the formula (Pb, 
CuXEu, Ce) 2 (Sr, Eu) 2 Cu 2 0 9 (1222 phase) containing a 
fluorite layer has been prepared by the direct reaction of 
the component metal oxides at 1273 K in oxygen atmo- 
sphere [129]. 

High-pressure ceramic synthesis has been employed 
to prepare lead cuprates of the 1212 type [130, 131]. In 
order to prepare Pb 0 . 5 Cu 0 5 Sr 2 Y 0 . 5 Ca 0 5 Cu 2 0 7 _j, 
sintering is carried out at 1213 K for 15 h under an 
oxygen pressure of 100 bar followed by fast cooling to 
373 K. The samples obtained from high-pressure 
oxygen treatment show higher T c s than those processed 
at 1 bar pressure of oxygen. Substitution of Y by other 
rare earths has been possible by this high-oxygen-pres- 
sure method [131]. All the rare-earth substituted com- 
pounds are superconducting with 7^s in the 50-70 K 
range. The 7^ decreases with increase in the size of the 
rare earth. In table 5 we summarize the conditions for 
the synthesis of the various lead cuprates by the ceramic 
method. 

2.7 Electron-doped superconductors 

All the cuprates discussed till now are hole supercon- 
ductors. Synthesis of electron-doped cuprate supercon- 
ductors of the type Ln^M^CuO^ (Ln = Nd, Pr, 
Sm, Eu: M = Ce, Th\ possessing the T' structure, is 
generally achieved by the ceramic method [132-134]. 
The conditions of synthesis are more stringent since the 



Table 5. Conditions for the synthesis of lead cuprates by the ceramic method. 

Conditions 



Compound Starting materials Temp. (K) Time Gas Comments T c (K) Ref. 



Pb a Sr a Ca 05 Y 0 5 Cu 3 0» , , 



PDaSr^La^CujO^, 

(Pb Q 5 Cu a5 )SrLaCuO„ 

(Pb 0 .,Cu a3 )Sr a 
(Y 0 . 9 Ca 0 . 5 )Cu a 0 7 _, 



(Pbo.sSfo^Srj 
(Yo.aCao.^CujO. 

(Pb 0 . 5 Cao. 9 >Sr a 
<Y o . 9 Ca o .5>Cu a 0. 

(Pb 0S Cu 0 . B )(Sr 175 Eu o 
(Eu 1B Ce 08 )Cu a O. 



PbO + Sr a Y 05 Cao i5 . 


1143 


1-16 h 


N a + 1% O a 




78 


[116] 


Cu 3 0, matrix 












PbO. PbO a .CaO a . 


1223 


12-^8 h 




Sealed gold tubes 


78 


[118] 


SrO a .Y 3 0 3 .CuO 












PbO. SrC0 3 .Y a 0 3 . 


1073 


15 h 


air 








CaC0 3 . CuO 


1173 


2h 


air 










1073 


1-5 h 


N a 




78 


[119] 


PbO, La a 0 3 , 


1083 


6h 


N a 


2202 major phase + 


26 


[122] 


SfjCuOj , CuO 








Pb a LaCu 0 3 O r impurity 






PbO. SrC0 3 , La a 0 3 . 


1073 


5h 


air 






CuO 


1273 


2h 


o a 




25 


[123] 


PbO. SrC0 3 . Y a 0 3 . 


1123 


10 h 


air 








CaC0 3 . CuO 


1273 


1 h 


o 2 


1212 major phase + 
Sr 5 Pb 3 CuO ia impurity 


50 


[124] 


PbO + Sr a Y 0 s Ca 0 5 


1243 


3h 




1212 major phase + 


47 


[127] 


Cu a a O, matrix 








Sr 5 Pb 3 CuO ia impurity 






PbO. PbO a ,Sr a Cu0 3 . 


1108-1223 


1-10 h 




Evacuated silica tubes 


100 


[125] 


Y a 0 3 . CaO a . Cu a O. CuO 












PbO a . PbO, SrO a . 


1108-1223 


1-10 h 




Evacuated silica tubes 


80 


[126] 


SrCuO a . Y a 0 3 . CaO. CuO 












PbO. SrC0 3 . Eu a 0 3 , 


1123 


10 h 


air 


Single phase 


25 


[129] 


CeO a , CuO 


1323 


1 h 




1222 
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valence of copper has to be less than 2+ in the 
materia], by making sure that the extra electron 
donated by Ce 4 * or Th** does not increase the oxygen 
content of the cuprate. For this reason, samples after 
calcination and sintering at 1323 K in air (for 24 h) are 
annealed in a reducing atmosphere (typically Ar, N 2 or 
dilute H 2 ) at 1173 K to achieve superconductivity. 
Samples prepared in this manner show a negative tem- 
perature coefficient of resistance above 7^ in the R-T 
curves; the resistivity drop at 7^ is also not sharp. An 
alternative synthetic route involves the reaction of 
pre-reacted NdCe0 3i5 material with the required 
amounts of Nd 2 0 3 and CuO at 1253 K for a minimum 
period of 48 h in flowing oxygen [135]. The samples are 
then rapidly quenched from 1253 K in an argon atmo- 
sphere to achieve superconductivity. This procedure 
eliminates the slow diffusion of Ce throughout the 
Nd 2 Cu0 4 _ a host and gives uniform concentrations of 
cerium and oxygen. Samples obtained from this route 
show a sharp transition at 21 K. 

Superconductivity with a 7^ of 25 K is induced by 
doping fluorine for oxygen in Nd 2 Cu0 4 . This has been 
accomplished by taking NdF 3 as one of the initial reac- 
tants [136]. Substitution of either Ga or In for copper 
in non-superconducting Nd 2 - x Cc x Cu0 4 - 6 also induces 
superconductivity [137, 138]. 

2& Infinite-layer cuprates 

Discovery of superconductivity in cuprates containing 
infinite Cu0 2 layers has been of great importance in 
understanding the phenomenon. Very high pressures 
have been employed for obtaining the infinite-layer cup- 
rates. Both hole-doped (e.g. Ca l _ Jt Sr x Cu0 2 ) and 
electron-doped (Sr^Nd^CuOi) infinite-layer cuprate 
superconductors with a maximum T c of 1 10 K have 
been reported [139-142]. Infinite-layered cuprates of 
the type (Ba, Sr)Cu0 2 , (Ca, Sr)Cu0 2 are synthesized in 
an oxidizing atmosphere under high hydrostatic pres- 
sure [139, 140, 142]. Electron-doped Sr 0 86 Nd 0a4 CuO 2 
is also prepared under high hydrostatic pressures [141]. 
Metal nitrates are generally used as the starting 
materials since carbonates of Ba, Sr and Ca have high 
decomposition temperatures. After decomposing the 
metal nitrates at around 873-1 123 K in air, the product 
is subjected to high pressure to obtain the supercon- 
ducting phases. Sr 0 86 Nd 0 I4 Cu0 2 , which superconduc- 
ts at 40 K, is made under a hydrostatic pressure of 
25kbar at 1273 K. Superconducting (Ca, Sr)Cu0 2 is 
prepared at 1273 K under 6 GPa pressure. Deficiency of 
Sr and Ca as well as the oxidizing atmosphere make 
this phase superconducting, and the oxidizing atmo- 
sphere is provided by heating a capsule containing 
KC10 4 along with the sample. This cupFate has a T c 
.(onset) of 110 K. 

3. Copreclpltatlon and precursor methods 

Coprecipitation involves the separation of a solid con- 
taining various ionic species chemically bound to one 



another from a liquid or a solution phase. A homoge- 
neous coprecipation process can result in the formation 
of crystalline or amorphous solids. Coprecipitation of 
well defined stoichiometry with respect to the metal 
ions is obtained only when the following conditions are 
satisfied. 

(i) The precipitating agent is a multivalent organic 
compound which can coordinate with more than one 
metal ion, and the precipitation rate is fast. 

(ii) The solid precipitating out of the solution should 
be really insoluble in the mother liquor. 

The anions generally preferred for coprecipitation of 
oxidic materials are carbonates, oxalates, citrates etc. 
The same is true of high-7^ cuprates. The precipitates in 
some instances could be genuine precursors or solid 
solutions [5, 6]. It is well known that precursor solid 
solutions drastically bring down diffusion distances for 
the cations and facilitate reactions in the solid state. We 
shall not distinguish precursor solid solutions precipi- 
tated from solutions from other precursors in this 
discussion. 

The precipitates (carbonate, oxalate etc) are heated 
at appropriate temperatures in a suitable atmosphere to 
obtain the desired cuprate. Some of the advantages of 
the coprecipitation technique over the ceramic method 
are an homogeneous distribution of components, a 
decrease in the reaction temperatures and of the dura- 
tion of annealing, a higher density and a lower particle 
size of the final product. The major drawback of this 
route is the control over the stoichiometry of the final 
product. 

3.1. La 2 _,Sr,Cu0 4 

La, Sr and Cu in La 2 _ x Sr x Cu0 4 are readily coprecipi- 
tated as carbonates [11, 12, 143]. For this purpose the 
required quantities of the various metal nitrates are dis- 
solved together in distilled water. Alternatively, the cor- 
responding oxides are dissolved in nitric acid to give a 
nitrate solution and the pH of the solution is adjusted 
to 7-8 by the addition of KOH solution. A solution of 
K 2 C0 3 of appropriate strength is then slowly added 
under stirring to give a light blue precipitate which is 
thoroughly washed. The precipitate is dried at 420 K 
and calcined at 1070 K for 8 h in air. The resulting 
black powder is ground and pelletized and sintered at 
1270 K for 16 h in air to obtain monophasic 
La l85 Sr 015 CuO 4 , superconducting at 35 K. 

Instead of as carbonate, the metal ions are also 
readily precipitated as oxalate by the addition of either 
oxalic acid or potassium oxalate to the solution of 
metal nitrates [11, 12, 144, 145]. The precipitated 
oxalate is then decomposed to obtain the cuprate. This 
method has certain disadvantages: 

(i) La 3+ in the presence of an alkali metal oxalate 
first yields lanthanum oxalate which further reacts with 
the precipitating agent to give a double salt. Control of 
stoichiometry therefore becomes difficult, leading to 
multiphasic products. 
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(ii) The relative solubilities of some of the oxalates 
also pose difficulties. For example, SrC 2 0 4 is nearly 
four times more soluble than SrC0 3 . 

3.2. YBa 2 Cu 3 0 7 

YBa 2 Cu 3 0 7 and related 123 compounds can be 
obtained via coprecipitation of the component metals 
(from a nitrate solution) as a formate [146, 147], acetate 
[148], oxalate [12, 149-156], hyponitrite [157] or 
hydroxycarbonate [158, 159]. Some of these precipi- 
tates could be genuine precursor compounds as is 
indeed the case with the hyponitrite. 

In oxalate coprecipitation [12, 149-152], oxalic acid 
solution of appropriate concentration is added to an 
aqueous solution of mixture of nitrates of Y, Ba and Cu 
and the pH of the solution is adjusted to 7.5 (by dilute 
NH 3 ). The pale green slurry thus formed is digested for 
1 h, filtered and dried. The oxalate is converted to 
orthorhombic YBa 2 Cu 3 0 7 _, by heating at 1053 K in 
air for 5 days followed by oxygenation at 723 K. This 
procedure, even though successful in making supercon- 
ducting YBa 2 Cu 3 0 7 -a in small particulate form, often 
results in undesirable stoichiometry because of the mod- 
erate solubility of barium oxalate. Furthermore, rare- 
earth ions in the presence of ammonium oxalate give a 
double salt with the excess oxalate which competes with 
the precipitation of copper and barium oxalates. These 
difficulties can be overcome either by taking a known 
excess (wt%) of barium and copper or by using tri- 
ethylammonium oxalate as the precipitant in aqeuous 
ethanol medium [153-155]. The alcoholic medium 
decreases the solubility of barium oxalate and the pH of 
the solution is controlled in situ. 

A better method of homogeneous coprecipitation of 
oxalates is that of Liu et al [156] using urea and oxalic 
acid. Urea, on heating, is hydrolysed liberating C0 2 
and NH 3 , and thus gradually adjusting the pH 
throughout the solution. The C0 2 liberated controls the 
bumping of the solution during digestion. The oxalate 
coprecipitation route is widely described in the liter- 
ature. The reactive powders obtained by the oxalate 
coprecipitation method decrease the sintering tem- 
perature. The formation of BaC0 3 in the intermediate 
calcinating step makes it difficult to obtain 
YBa 2 Cu 3 0 7 _a in pure form. 

Complete avoidance of the formation of BaC0 3 
during the synthesis is possible using the hyponitrite 
precursor [157]. The hyponitrite precursor is obtained 
froia a nitrate solution of Y, Ba and Cu ions by the 
addition of an aqueous Na 2 N 2 0 2 solution. The precipi- 
tate is converted into superconducting YBa 2 Cu 3 0 7 _j 
by heating at around 973 K in an argon atmosphere, 
followed by oxygen annealing at 673 K. Although this 
route provides a convenient means of obtaining the 123 
cuprate at much lower temperatures than with other 
methods, there is a possibility of contamination of alkali 
metal ions during the course of the precipitation. 

YBa 2 Cu 3 0 7 can also be prepared by the hydroxy- 
carbonate method [158, 159]. Here, KOH and K 2 C0 3 



are employed to precipitate copper as the hydroxide 
and Y and Ba as the carbonates in the pH range of 7-8. 
By employing NaOH and Na 2 C0 3 , complete precipi- 
tation as hydroxycarbonate is attained at a pH of ~ 13. 
The product from the above two procedures is homo- 
geneous, showing sharp onset of superconductivity at 
92 K. The possibility of contamination by alkali metal 
ions cannot, however, be avoided. 



33. YBa 2 Cu 4 O s 

YBa 2 Cu 4 O e can be prepared by the oxalate route [160] 
wherein the solution of Y, Ba and Cu nitrates in water 
is added dropwise into oxalic acid-triethylamine solu- 
tion under stirring. Complete precipitation of Y, Ba and 
Cu with the desired stoichiometry of 1 : 2:4 is achieved 
in the pH range of 9.3-11.3. The precipitated oxalates 
are filtered and dried in air at 393 K. The solid obtained 
is then heated in the form of pellets at 1078 K in 
flowing oxygen for 2-4 days. The product after quen- 
ching in air shows the 124 phase as the major product 
with a T e of 79 K. 

An alternative coprecipitation route for the synthesis 
of YBa 2 Cu 4 O s is the method of Chen et al [161] in 
which the aqueous nitrate solution of the constituent 
metal ions is mixed with 8-hydroxyquino)ine-tri- 
ethylamine solution. The precipitated oxine is filtered, 
washed, dried and sintered at 1088 K in oxygen for 3 
days to yield phase-pure YBa 2 Cu 4 0 8 showing a T € of 
80 K. Ethylenediaminetetraaceticacid [161] as well as 
carbonate routes [162] have also been employed for the 
preparation of YBa 2 Cu 4 O e . Coprecipitation using tri- 
ethylarnmonium oxalate has been exploited for substi- 
tuting Sr in place of Ba in YBa 2 Cu 4 0 8 [163]. 



3.4. Bismuth cu prates 

Very few coprecipitation studies have been carried out 
on the preparation of bismuth cuprates. One reason 
may be that despite the good sample homogeneity gen- 
erally obtained through solution methods, the chemistry 
of bismuth cuprates is rather complex. It is not that 
easy to find compounds of all the constituent metal ions 
soluble in a common solvent; controlling the stoichiom- 
etry in these cuprates is also difficult in the coprecipita- 
tion procedure. Furthermore, bismuth nitrate, which is 
often used as one of the starting materials, decomposes 
in cold water to a basic nitrate precipitate as given by 

Bi(N0 3 ) 3 (s)->Bi 3 + +3NOJ 

Bi 3+ + 3N0 3 - + 2H 2 0 Bi(OH) 2 N0 3 (s) + 2H + . 

This problem can be overcome to some extent by pre- 
paring the nitrate solution of bismuth in nitric acid or 
by starting with bismuth acetate instead of the nitrate. 

Bidentate ligands such as the oxalate are found to 
react more rapidly than multidentate ligands such as 
citric acid [164-174] in the coprecipitation process 
Complexes of oxalic acid are also more stable thar 
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acetic acid; but there are some difficulties in controlling 
the stoichibmetry because of the relative solubility of 
BiC 2 0 4 orSrC 2 0*. 

A straightforward oxalate coprecipitation is 
achieved by dissolving the acetates of Bi, Ca, Sr and Cu 
in glacial acetic acid and then adding excess oxalic acid 
to the solution [164]. The oxalate precipitate is dried 
and decomposed at around 1073 K in air and processed 
in the 1 103-1 123 K range for periods ranging from 24 h 
to 4 days, depending on the starting composition. The 
n = 2 (2122) member obtained by this procedure shows 
zero resistance at 83 K. In another procedure reported 
by Zhang et al [165], first the Sr/Ca/Cu nitrate solu- 
tions are mixed in the required molar ratio. Into this 
solution is poured a solution of bismuth nitrate pre- 
pared in nitric acid along with oxalic acid. The com- 
plete precipitation occurs at a pH of around 5 (attained 
by the addition of aqueous NaOH). This process 
involves the possibility of contamination of sodium 
ions; this has been circumvented by using N(CH 3 ) 4 OH 
to adjust the pH of the solution [166] and complete 
precipitation of the oxalates occurs at a pH of 12. All 
these procedures, however, produce mixed-phase 
samples. 

For the preparation of the monophasic lead-doped 
n = 3 member (2223), oxalate coprecipitation has been 
found effective [167-174]. In the procedure reported by 
Chiang et al [171], the molar ratio of the chelating 
agent (oxalic acid) and the nitrate anions (from the 
metal nitrate solutions) is fixed at 0.5 and the pH, 
adjusted by NH 4 OH solution, at which complete pre- 
cipitation occurs is 6.7. The product from this method, 
Bi 14 Pbo. 6 Sr 2 Ca 2 Cu 3 0,, after sintering at 1133 K in air 
for 72 h, shows a T c of 110 K. 

Coprecipitation as oxalates to prepare the lead- 
doped n = 3 member (2223) has been achieved from an 
ethylene glycol medium using triethylammonium 
oxalate and oxalic acid [172]. A more easily controlled 
and reproducible oxalate coprecipitation procedure 
appears to be that of Shei et al [173] where in a mixture 
of triethylamine and oxalic acid is employed. The 
advantage of using triethylamine is that it has a higher 
basicity and a lower complexing ability towards Cu(II) 
than has ammonia. Control of the stoichiometry of 
the final product is therefore better obtained with this 
procedure; precipitation occurs in the pH range 1.5-2.2. 
The coprecipitated oxalates sintered at 1 133 K in air for 
a minimum period of 72 h give monophasic 
Bi, 4 Pb 06 Sr 2 Ca 2 Cu 3 O l0 with a T c of 110 K. It is pos- 
sible to avoid adjusting the pH in the coprecipitation of 
oxalates [174]. The procedure involves coprecipitating 
the oxalates from dilute acetate solutions instead of 
from nitrate solutions. The oxalates are then converted 
to nearly phase-pure Bi 16 Pbo.4Sr 2 Ca 2 Cu30 10 (T c of 
106 K) by sintering at 1 123 K in air for 160 h. 

Carbonate corprecipitation has also been carried 
out for the synthesis of superconducting bismuth cup- 
rates [175, 176], but the method does not yield mono- 
phasic products. 



Coprecipitation of thallium-based cuprates from 
aqueous solutions as oxalates is hindered by the solu- 
bility of thallium oxalate. However, Bernhard and 
Gritzner [177] have found that complete coprecipita- 
tion as oxalates can be achieved by starting with thal- 
lium acetate in glacial acetic acid medium. In the 
procedure reported for the preparation of the n = 3 
member (2223X stoichiometric amounts of thallium 
acetate, CaC0 3 , BaC0 3 and copper acetate are dis- 
solved in water containing glacial acetic acid. The solu- 
tion containing all the cations is then added to a 
solution of oxalic acid (excess) under stirring. The pre- 
cipitate, after digestion for 1 h, is filtered, washed and 
dried. The oxalates are heated in the form of pellets 
(wrapped in gold foil) at around 1173 K for 6 min in an 
oxygen atmosphere. The product after annealing in the 
same atmosphere shows 2223 as the major phase with a 
T e of 118 K. 



3.6. Lead cuprates 

Carbonate coprecipitation is found to be satisfactory 
for the synthesis of representative members of super- 
conducting lead cuprates [128] of 2213 and 1212 
types, namely Pb 2 Sr 2 Y 0 .5Ca 0 . 5 Cu 3 O 8 +a and 
Pb 05 Sr 0 5Sr 2 Yo.5Ca 0 . 3 Cu 2 0 7 _,. Coprecipitation as 
carbonates has been achieved by adding the nitrate 
solution of the constituent metal ions to an aqueous 
solution of sodium carbonate (in excess) under constant 
stirring. The carbonate precipitate thus obtained is 
washed and dried. The decomposed powder is heated in 
the form of pellets around 1153 K in a suitable atmo- 
sphere. Pb 2 Sr 2 Ca 05 Y 05 Cu 3 O 8+ , obtained by this 
method after heating for 4 h in nitrogen containing Wo 
O, showed 2213 as the major phase (T c - 74 K) with 
impurities such as Y 2 0 3 , CuO. The 1212 phase 
obtained after heating in oxygen at 1153 K for 12 h 
showed a broad transition with a T c (onset) of 100 K. 
This method has the advantage of single heating rather 
than the multistep procedures required in the other 
methods. 



4. Sol-gel process 

The sol-gel process is employed in order to get homo- 
geneous mixing of cations on an atomic scale so that 
the solid state reaction occurs to completion in a short 
time and at the lowest possible temperature. The term 
sol often refers to a suspension or dispersion of discrete 
colloidal particles, while a gel represents a colloidal or 
polymeric solid containing a fluid component which has 
the internal network structure wherein both the solid 
and the fluid components are highly dispersed. In the 
sol-gel process a concentrated sol of the reactant oxides 
or hydroxides is converted to a semi-rigid gel by remo- 
ving the solvent. The dry gel is heated at an appropriate 
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temperature to obtain the product. Most of the reac- 
tions in the sol-gel process occur via hydrolysis and 
polycondensation. 

Two different routes for the sol-gel process are 
usually described in the literature for the synthesis of 
high-T e cuprate superconductors: 

(i) Via molecular precursors (e.g. metal alkoxides) in 
organic medium; 

(ii) Via ionic precursors in aqueous medium (citrate 

gel process). 

The purity, microstructure and physical properties 
of the product are controlled by varying the precursor, 
solvent, pH, firing temperatures and atmosphere of heat 
treatment. 

4.1. 214 Cuprates 

Superconducting 214 compounds are prepared both 
by means of organometallic precursor [178] and by the 
citrate gel process [11]. Lanthanum 2,4-pentane 
dionate, barium 2,4-pentane dionate and copper (II) 
ethyl hexanoate are mixed at room temperature in the 
appropriate ratios in methoxyethanol medium to obtain 
the organometallic precursor. After vigorous stirring at 
room temperature, the precursor gel is converted to 
monophasic La 19 Ba 01 CuO 4 (T c 23 K) by firing at 
873 K in oxygen. 

In the citrate gel process, a mixture of citric acid and 
ethylene glycol is added to the solution containing the 
required quantities of metal nitrates. The resulting solu- 
tion is vigorously stirred and heated around 393 K. 
During this process, oxides of nitrogen evolve, resulting 
in a viscous gel. The gel is decomposed at 673 K in air 
and the resulting black powder is then given the neces- 
sary heat treatment to obtain the superconducting 
oxide. 

4JL YBa 2 Cu 3 0 7 

In the case of YBa 2 Cu 3 0 7 .„ the alkoxide precursors 
are both very expensive and difficult to obtain. In addi- 
tion, the solubility of copper alkoxides is very low in 
organic solvents and yttrium alkoxides are readily 
hydrolysed even by a trace of water. Despite these diffi- 
culties, superconducting YBa 2 Cu 3 0 7 _, has been pre- 
pared using alkoxides [157, 179-181]. A simple reaction 
involving Y(OCHMe 2 ) 3 , Ba(OCHMe 2 ) 2 and Cu(NBu 2 ) 
in THF in an argon atmosphere gives the 
organometallic precursor [157]. The precursor powder, 
after removal of the solvent, is sintered at 973 K in 
flowing argon to obtain tetragonal YBa 2 Cu 3 0 7 _ a . Fol- 
lowing oxygenation at 673 K, the product shows a T c of 
85 IC Superconducting properties have been improved 
by using n-butoxides of Y, Ba and Cu in butanol 
solvent [179]. 

Alternatively, methoxyethoxides of yttrium, barium 
and copper have been used as precursors in 
methoxyethanol-methylethylketone-toluene solvent 
mixture to prepare YBa 2 Cu 3 0 7 _, [180]. In some of the 
preparations, Cu(N0 3 ) 2 (soluble in ethanol) or copper 



acetylacetonate (soluble in toluene) is used along with 
the alkoxides of yttrium and barium to overcome the 
problem of low solubility of copper alkoxides [182, 
183]. Organometallic precursors involving propionates 
[153] and neodeconates [184] have also been used for 
preparing YBa 2 Cu 3 0 7 _ a . 

Modified sol-gel methods which do not involve the 
metal alkoxide precursors have been employed by many 
workers. Thus, Nagano and Greenblatt [185] have 
employed metal nitrates dissolved in ethylene glycol. 
After refluxing around 353 K under vigorous stirring, a 
bluish green colloidal gel is obtained. The gel is con- 
verted into orthorhombic YBajCujCV, by heating to 
1223 K in flowing oxygen. Precipitating all the three 
ions as hydroxides also results in fine colloidal particles 
of the starting materials [186-188]. The precipitation is 
generally carried out by the addition of NH 4 OH [186], 
N(CH 3 ) 4 OH [187] or Ba(OH) 2 [188] to a solution of 
metal nitrates (pH range 7-8). These hydroxides are 
decomposed around 1223 K in oxygen to give 
YBa 2 Cu 3 0 7 showing a T c of 93 K. 

YBa 2 Cu 3 0 7 _, has been prepared by the citrate gel 
process [189-193]. In this method 1 g equivalent of 
citric acid is added to each gram equivalent of the 
metal. The pH of the solution is adjusted to around 6 
(either by NH 4 OH or by ethylenediamine). Evaporation 
of the solvent (water) around 353 K, results in a viscous 
dark blue gel. The gel is decomposed and the powder 
sintered in the form of pellets at 1173 K in oxygen to 
obtain orthorhombic YBa 2 Cu 3 0 7 _ a (7 e = 93 K). By 
this method, ultrafine homogeneous powders (particle 
size -0.3 /im) are obtained. The crucial step in this 
process is the adjustment of the pH which controls the 
stoichiometry of the final product. This limitation has 
been overcome by dispersing the citrate metal ion com- 
plexes in a solvent mixture of ethylene glycol and water 
[194, 195]. 

Problems such as the formation of BaC0 3 during 
the calcination step, filtration and contamination of 
alkali metal ions in the final product are avoided in the 
sol-gel process. Furthermore, perfect homogeneity is 
obtained before calcination. The sol-gel process (e.g. 
citrate process) has the advantage over the other 
methods in that the gel can be used for making thick 
and thin superconducting films, fibres etc which have 
technological importance [179, 185, 186, 196-198]. 



43. YBa 2 Cu 4 O g 

The sol-gel method offers a good alternative to the 
ceramic method for the synthesis, of superconducting 
YBa 2 Cu 4 O e . The following procedure has been used 
to prepare YBa 2 Cu 4 0 8 at 1 atm oxygen pressure 
[199]. Appropriate quantities of Y(n — OC 4 H 9 ) 3 , 
Ba(s - OC 4 H 9 ) 2 and Cu(s - OBu) 2 in butanol-xylene 
mixture are refluxed in an argon atmosphere at 343 K 
for a period of 30 h. The fine powder after the vigorous 
reaction is freed from the solvent and dried. The powder 
is heated in the form of pellets at 1033 K in flowing 
oxveen to obtain superconducting YBa 2 Cu 4 O s , 



the 124 cuprate is quite rapid Cu(N0 3 )i has also been 
used as the source of copper in this procedure [200]. 

In the modified citrate gel process to prepare 
YBa 2 Cu 4 0 8 [201, 202], 1 g equivalent of citric acid is 
added for each gram equivalent of the metal and the pH 
of the solution is adjusted to ~5.5 by the addition of 
ethylenediamine. The resulting clear solution is evapo- 
rated to yield a viscous purple gel. The decomposed gel 
is sintered in flowing oxygen for 3-5 days at 1088 K to 
obtain nearly monophasic YBa 2 Cu 4 0 8 (T c = 66 K). 
Kakihana et al [203] have reported the preparation of 
YBa 2 Cu 4 O s using a precursor obtained from citrate 
metal ion complexes uniformly dispersed in a solvent 
mixture of ethylene glycol and water. This method 
yields phase-pure YBa 2 Cu 4 O s (T c - 79 K) and elimi- 
nates the need to adjust the pH. 

4.4. Bismuth cu prates 

There have been very few reports of the preparation of 
bismuth-based cuprate superconductors by the alkoxy 
sol-gel method [204]. Some of the difficulties arise 
because the relevant bismuth/lead alkoxides are not 
readily available; it is also not easy to get a common 
organic solvent to dissolve the various metal alkoxides 
simultaneously. Dhalle et al [204] have, however, 
attempted to synthesize the lead-doped n = 3 member 
(2223) using organometallic precursors involving propi- 
onates. The starting materials were taken in the form of 
nitrates and converted into propionates by the addition 
of an excess of 100% propyl alcohol. This step was fol- 
lowed by the addition of ammonium hydroxide and eth- 
ylene glycol to increase the alkoxy anion concentration, 
thus in turn increasing the viscosity of the solution. All 
the solutions were mixed together and dried at 353 K. 
The resin after calcination at 1123 K in air and sinter- 
ing at 1118 K gave a mixture of the n - 3 and n = 2 
members. 

A simple sol-gel method involving the addition of 
dilute ammonia to an aqueous solution containing 
nitrates of Bi, Sr and acetates of Ca, Cu and Pb (until 
the pH of the solution reached around 5.5) has also 
been employed to prepare bismuth cuprates [205, 206]. 
The blue solution after concentrating at around 343 K 
gives a viscous gel. The gel is decomposed and the 
powder sintered at around 1128 K in air. The product 
from this procedure is multiphasic showing a T e of 
104 K. The simplicity of the method and the formation 
of the n = 3 phase in a short time makes it somewhat 
superior to the conventional ceramic route. The modi- 
fied citrate gel process has been employed to prepare 
the n = 2 member (2212) in pure form with a T c of 78 K 
[193]. 

43. Lead cuprates 

The modified citrate gel process has been successfully 
employed by Mahesh et al [207] for the synthesis of 
lead cuprates of the 2213 or 1212 type. In a typical pro- 
cedure, a mixture of citric acid and ethylene glycol in 



solution of the relevant cations. The clear blue solution 
is concentrated at 373 K in order to get a viscous gel. 
The gel after decomposition is heated in the form of 
pellets in the temperature range of 1073-1173 K either 
in N 2 containing 1% 0 2 or in an oxygen atmosphere. 
Pb 2 Sr 2 Y 0 .5Cao.5Cu 3 0 8+J obtained from this process 
shows a sharp superconducting transition at 70 K. The 
1212 cuprate also shows a sharp transition at 60 K. 
This process is superior to the ceramic procedure for 
synthesizing superconducting lead cuprates. 

5. Alkali flux method 

Strong alkaline media, either in the form of solid car- 
bonate fluxes, molten hydroxides or highly concentrated 
alkali solutions can be employed for the synthesis of 
high-T c cuprate superconductors. The alkali flux 
method takes advantage of both the moderate tem- 
peratures of the molten media (453-673 K) as well as of 
the acid-base characteristics of molten hydroxides to 
simultaneously precipitate oxides or oxide precursors 
such as hydroxides or peroxides of the constituent 
metals. The method stabilizes higher oxidation states of 
the metal by providing an oxidizing atmosphere. 

Employing fused alkali hydroxides, Ham et al [208] 
have synthesized superconducting La 2 _ JK M je Cu0 4 
(M = K or Na or vacancy) at relatively low tem- 
peratures (470-570 K). In this method, stoichiometric 
quantities of La 2 0 3 and CuO are added to a molten 
mixture containing KOH and NaOH (in an approx- 
imately 1 : 1 ratio) in a Teflon crucible and heated at 
around 570 K in air for 100 h. The 1:1 mixture of 
KOH and NaOH melts at 440 K and since the alkali 
hydroxides generally contain some water, the melt is 
acidic and can readily dissolve oxides such as La 2 0 3 
and CuO. The black crystals obtained from the reaction 
(after washing away the excess hydroxide with water) 
show a T c of 35 K. Since the reaction is carried out in 
alkali hydroxides, incorporation of Na + or K + ions for 
La 34 in the lattice of La 2 Cu0 4 cannot be ruled out. It 
should be noted that superconducting alkali-doped 
La 2 Cu0 4 is normally prepared at higher temperatures 
in sealed gold tubes [209]. Recently, alkaline hypo- 
bromite oxidation has been employed to obtain 
La 2 Cu0 4 + , with a T c of 44 K [210]. 

Superconducting YBa 2 Cu 3 0 7 (T c - 88 K) has also 
been prepared using the fused eutectic of sodium and 
potassium hydroxides in a similar manner to that 
described above [211]. The problem of contamination 
of alkali metals in the preparation of YBa 2 Cu 3 0 7 has 
been overcome by using the Ba(OH) 2 flux [211]. The 
procedure involves heating a mixture containing stoi- 
chiometric amounts of Y(N0 3 ) 3 .6H 2 0, Ba(OH) 2 and 
Cu(N0 3 ) 2 . 3H 2 0 in an open ceramic crucible at around 
1023 K in air for a short time (about 10 min) and then 
slowly cooling the melt to room temperature. Since 
Ba(OH) 2 has two hydration states, one melting at 
351 K and the other at 681 K, the lower-melting 
hydrate acts as the solvent for the nitrates of copper 
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and yttrium while the high-melting hydrate serves as the 
medium for intimate mixing of the reactants. The pre- 
cipitate obtained from the melt, after washing with 
water, is sintered in air at around 1173 K followed by 
oxygenation at 773 K. This method yields an orthor- 
hombic YBa 2 Cu 3 0 7 phase (with little CuO impurity) 
showing a T c of 92 K. 

The flux method eliminates the need for mechanical 
grinding and introduction of carbon-containing anions, 
which is often encountered in the solution routes. Fur- 
thermore, the method is efficient and cost-effective. 

6. Combustion method 

Although many of the solution routes discussed earlier 
yield homogeneous products, the processes involved are 
quite complex. Combustion synthesis or self- 
propagating high-temperature synthesis (shs), first 
developed by Merzhanov and Borovinskaya [212], pro- 
vides a simple and rapid means of preparing inorganic 
materials, many of which are technologically important. 
Combustion synthesis is based on the principle that the 
heat energy liberated by many exothermic non-catalytic 
solid-solid or solid-gas reactions can self-propagate 
throughout the sample at a certain rate. This process 
can therefore occur in a narrow zone which separates 
the starting substances and reaction products. 

Self-propagating combustion has been employed 
recently in this laboratory to synthesize members of 
almost all families of cuprate superconductors (except 
for the thallium cuprates) [213]. The method involves 
the addition of an appropriate fuel to a solution con- 
taining the metal nitrates in the proper stoichiometry. 
The ratio of the metal nitrates to the fuel is such that 
when the solution is dried at around 423 K, the solid 
residue undergoes flash combustion, giving an ash con- 
taining the mixture of oxides in the form of very fine 
particles (particle size 0.3-0.5 /im). The ash is then given 
proper heat treatment under the desired atmosphere to 
obtain the cuprate. The small particle size of the ash 
facilitates the reaction between the metal oxides due to 
smaller diffusion distances between the cations. Fuels 
such as urea [213, 214], glycine [213, 215] and tetra- 
formal triazine (TFTA) [216] are generally employed 
for synthesizing cuprate superconductors. Ultrafine par- 
ticles of copper metal can also act as an internal fuel 
wherein the combustion is initiated by flashing a laser 
beam for a short time [217]. Some of the cuprate super- 
conductors which have been prepared [213] by this 
route include La 2 . x Sr,Cu0 4 (T c « 35 K), YBa 2 Cu 3 0 7 
(T e = 90 K), YBa 2 Cu 4 O s (T c = 80 K), Bi 2 CaSr 2 Cu 2 O e 
(T e = 85K), Pb 2 Sr 2 Y 0 .5Ca 0 . 5 Cu 3 O 8 (T c = 60 K) and 
Nd 2 _ x Ce Jt Cu0 4 (T c ~ 30 K). 

7. Other methods 

In addition to the various synthetic methods discussed 
hitherto, a few other methods such as spray drying 
[218-221], freeze drying [186, 222, 223], use of metallic 
precursors [224, 225] and electrochemical methods 



[226, 227] have also been employed for the preparation 
of cuprate superconductors in bulk form. In spray 
drying, a solution containing the metallic constituents, 
usually in the form of nitrates, is sprayed in the form 
of fine droplets into a hot chamber. The solvent 
evaporates instantaneously, leaving behind an 
intimate mixture of the reactants which on heating at 
the desired temperature in a suitable atmosphere yields 
the cuprate. Some of the superconducting cuprates pre- 
pared by this method include YBa 2 Cu 3 0 7 (T c = 91 K) 
[218]. YBa 2 Cu 4 O s (T c = 81 K) [219] and 
Bi l6 Pb 0 . 4 Sr 2 Ca 2 Cu 3 O 10 (T c = 101 K) [220, 221]. In 
freeze drying, the reactants (in a common solvent) are 
frozen by immersing in liquid nitrogen. The solvent is 
removed at low pressures to obtain the initial reactants 
in fine powder form, and these are then processed at an 
appropriate temperature. For example, YBa 2 Cu 3 0 7 
(T = 87 K) [186], YBa 2 Cu 4 O s (T c = 79 K) [222] and 
Bi l6 Pb 0 . 4 Sr l6 Ca 2 Cu 3 O, (T c = 101 K) [223] have been 
prepared by this method. 

Metallic precursors have been used in the prep- 
aration of 123 and 247 cuprates [224, 225]. For 
example, oxidizing an Er-Ba-Cu alloy around 1170 K 
gives superconducting ErBa 2 Cu 3 0 7 with a T c of 87 K 
[224]. Similarly Yb 2 Ba 4 Cu 8 0 15 has been obtained by 
heating an alloy composition of YbBa 2 Cu 3 (with 33 
wt% of silver) under 1 atm oxygen at 1 173 K [225]. 

Making use of electrochemical oxidation, 
La 2 Cu0 4+a with a T c of 44 K has been prepared at 
room temperature, which is otherwise possible only by 
use of high oxygen pressures [226, 227]. 



8. Oxygen non-stolchlometry 

Oxygen stoichiometry plays a crucial role in determin- 
ing the superconducting properties of many of the cup- 
rates. Thus, stoichiometric La 2 Cu0 4 is an insulator, 
while an oxygen-excess material prepared under high 
oxygen pressures shows superconductivity with a T c of 
35 K [15]. The same holds for the next member of the 
homologous family, La 2 _ x Sr x CaCu 2 0 6 which is super- 
conducting only when there is an oxygen excess [17]. 
The excess oxygen donates holes in these two systems. 
In the case of YBa 2 Cu 3 0 7 - 3 , oxygen can be easily 
removed giving rise to tetragonal non-superconducting 
YBa 2 Cu 3 0 6 . The YBa 2 Cu 3 0 6 material can be pre- 
pared by heating YBa 2 Cu 3 0 7 in an argon atmosphere 
at 973 K for extended periods of time [228]. The varia- 
tion of T c with oxygen stoichiometry, 5, is well known 
[229, 230]. When 5 reaches 0.5, there is an intergrowth 
of YBa 2 Cu 3 0 6 and YBa 2 Cu 3 0 7 and at this composi- 
tion, the material shows a T e of 45 K. The S = 0.5 com- 
position is obtained by quenching 5^0 material, 
heated in a nitrogen atmosphere at 743 K [231]. Simi- 
larly, by quenching YBa 2 Cu 3 0 7 at 783 K in air, 
YBa 2 Cu 3 0 6 . 7 (showing a T c of -60 K) is prepared 
[231]. The 7^ of 90 K is found only when S ^0.2. 
YBa 2 Cu 3 0 6 is readily oxidized back to YBa 2 Cu 3 0 7 . It 
may be noted that this oxidation-reduction process in 
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Cupcate 



7 C (K) (approx.) Methods of synthesis* 



La a _ 1 Sr a (Ba)Cu0 4 
La 3 Ca, _ a Sr,Cu 2 0 6 
La 3 Cu0 4W 
YBa 2 Cu 3 0 7 b 

YBa 2 Cu 4 O 0 b 

Bi 3 CaSr 3 Cu 2 0 8 

Bi 2 Ca 2 Sr 2 Cu 3 O 10 

TICaBa 2 Cu 2 O e+ , c 

TICa 2 Ba 2 Cu 3 O a+ , c 

TI 2 Ba 2 Cu0 6 ° 

TI 2 CaBa 2 Cu 2 0 8 

TI 2 Ca 2 Ba 2 Cu 3 0 10 

Tl 0 5 Pb 0 . 5 CaSr 2 Cu 2 0 6+ * 

Pb 2 Sr 2 Ca, .^CUaOe 



Pt> 0 .5Cu 0 . 5 Sr 2 Y 0 . 5 Cao. 5 Cu 2 0 7 
Nds_.Ce.CuO4 

Ca, .Sr.CuOa 
Sr^.Nd^uOj 



35 
60 
40 
90 

80 

90 

110 
90 

115 
90 

110 

125 
90 
70 



45 
30 



40-110 
40-110 



Ceramic*, sol-gel, combustion, copreclpitatton 
Ceramic (high O a pressure)* 

Ceramic (high O a pressure)* alkali-flux, hypobromlte* 
Ceramic (annealing in 0 2 )*, sol-gel*, coprecipitation*, 
combustion 

Ceramic (high 0 2 pressure), ceramic (with Na 3 0 2 )* 

sol-gel*, coprecipitation* 
Ceramic (air-quench)* sol-gel*, combustion, 

melt (glass) route* 
Ceramic*, sol-gel, melt route 
Ceramic (sealed Ag/Au tube)* 
Ceramic (sealed Ag/Au tube)* 
Ceramic (sealed Ag/Au tube)* 
Ceramic (sealed Ag/Au tube)* 
Ceramic (sealed Ag/Au tube)* 
Ceramic (sealed Ag/Au tube)* 
Ceramic (low 0 3 partial pressure),* 

sol-gel* (low 0 3 partial 

pressure) 
Ceramic (flowing O a )* 
Ceramic (low 0 2 partial pressure)* 
Coprecipitation (low 0 2 partial pressure)* 
Ceramic (high pressures)* 

Ceramic (high pressures)* 



P-arC by simi.ar method, Oxy 0 ling i, done be.ow the 

lE^SS^ with ditteren, substitutions a, Ca and T, sites are prepared by a simi.ar procedure. 



YBa 2 Cu 3 0 7 _, is of topochemical character. The other 
analogous rare-earth 123 cuprates also behave in a 
similar way with respect to the variation of 5 with T c 
[232]. 

While YBa 2 Cu 4 0 8 has high oxygen stability, 
Y 2 Ba 4 Cu 7 0 15 . a shows a wide range of oxygen stoichi- 
ometry (0 < £ < 1) [233]. The maximum T c of 90 K is 
achieved when 5 is close to zero, and when 5 reaches 
unity the material shows a T c of 30 K; there is no struc- 
tural phase transition accompanying the variation in 
oxygen stoichiometry. Usually, both yttrium 124 and 
247 cuprates and their rare-earth analogues, prepared 
by the ceramic method under 1 atm oxygen pressure, 
show S close to zero. 

Bismuth cuprates of the type Bi 2 (Ca, Sr)„ +I 
Cu m O u + A +t are best prepared by quenching the 
samples in air or by annealing in a nitrogen atmosphere 
at appropriate temperatures [53, 234]. Heating the 
samples in an oxygen atmosphere is no good, possibly 
because the extra oxygen may add on to the Bi-O 
layers. In the case of the lead-doped n = 3 member 
(2223), preparing the samples under low partial pres- 
sures of oxygen is found to increase the volume fraction 
of the superconducting phase [235, 236]. The n = 1 
member, Bi 2 Sr 2 Cu0 6 + , shows metallic behaviour when 
there is excess oxygen [237]. By annealing in a reducing 
atmosphere (Ar or N 2 ), the excess oxygen can be 
removed to induce superconductivity. 

Oxygen stoichiometry has a dramatic influence on 
the superconducting properties of thallium cuprates [94, 
108, 109, 238-246]. For example, thallium cuprates of 
the TICa^Ba 2 Cu„0 2(l + 3 family, derivatives of the 



TlCa.^SrjCu.Oi^j family and Tl 2 Ba 2 Cu0 6 often 
have excess oxygen when prepared in sealed tubes. By 
annealing these samples in a reducing atmosphere (Ar, 
dilute H 2 , N 2 or vacuum) at appropriate temperatures, 
the excess oxygen is removed to induce superconduc- 
tivity in some cases [108, 109, 238]. Annealing at low 
oxygen partial pressures or in a reducing atmosphere 
also increases the T c of some of the superconducting 
thallium cuprates to higher values by decreasing the 
oxygen content [94, 239-246]. These variations are 
clearly related to the hole concentration where the 
number of holes decreases by removing excess oxygen, 
thereby giving the optimal concentration required for 
maximal T c [247]. 

In lead cuprates of the Pb 2 Sr 2 (Ln, Ca)Cu 3 0 8 + , 
(2213) type, increasing the oxygen content of the 
material by annealing in an oxygen atmosphere oxidizes 
the Pb 2+ and Cu 1+ without affecting the Cu0 2 sheets, 
which governs the superconductivity in this material 
[248]. Though this system shows a wide range of 
oxygen stoichiometry (associated with a structural 
phase transition from orthorhombic to tetragonal 
symmetry), maximum T c is observed for any given com- 
position where in & is close to zero [249]. Samples with 
6 - 0 are therefore prepared by annealing in a nitrogen 
atmosphere containing little oxygen. The lead 1212 cup- 
rates, on the other hand, are best prepared in a flowing 
oxygen atmosphere. The samples obtained after the 
oxygen treatment are often not superconducting since 
there is an oxygen excess. The samples are quenched in 
air at around 1073 K in order to achieve superconduc- 
tivity [250]. 
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Superconducting properties of the electron-doped 
superconductors, Nd^Ce^CuO^, are sensitive to 
the oxygen content. The as-prepared samples which are 
semiconducting have oxygen content greater than four. 
Samples with oxygen content less than four are 
obtained by annealing in a reducing atmosphere (N 2 , 
Ar or dilute H 2 ) at around 1173 K. Maintaining the 
oxygen stoichiometry at less than four is essential for 
having an oxidation state of Cu less than 2+ in this 
material [251]. 

9. Concluding remarks 

In the earlier sections we presented details of the pre- 
parative methods for the synthesis of various families of 
cuprate superconductors. In addition, we also examined 
the advantages and disadvantages of the different 
methods. Since more than one method of synthesis has 
been employed for preparing any given cuprate, it 
becomes necessary to make the right choice of method 
in any given situation. In order to assist in making such 
a choice, we have tabulated in table 6 the important 
preparative methods employed to synthesize some of 
the representative cuprates, where the recommended 
methods are also indicated. 
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